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FOR EWORD 


In the context of school education it is 
felt that the teachers learn their content in 
academic, institutions and leari* pedagogy in 
educational institutions and adopt age old 
prac tides of teaching in the classrooms. For 
qualitative improvement of teaching in our schools 
as envisaged in the National Policy of Education# 
1986# it is imperative that the theories of 
teaching a nd researches in science education must 
find their rightful representation/manifestation 
in prevalent teaching practices in the classroom. 
It is with this end in view the programme of 
Development of Teaching Strategies for Teaching 
Physical Science at S e condary L e vel was organised 
in the college for the teachers and teacher 
educators of Orissa and Bihar during September 
1-7# 1993. The methodology adopted in this 
programme was on the whole of participatory nature 
and I am pleased to hand over the academic report 
of this programme to a ll those who are interested 
in the teaching of physical science at secondary 
level. I congratulate the resource faculty and the 
| participants for their sincere efforts to produce 
this report for all of us to see its utility and 

dissemination* 

w, 

kc 

(Prof. K.C. Panda) 
PRINCIPAL 






PREFACE 


National Policy of Education 1986/ while 
acknowledging the spread of secondary education in 
the country lays'special emphasis on the qualitative 
improvement of education in general and science 
education in particular. A centrally sponsored 
Scheme for Improvement of Science Education in 
Schools (SISES) was introduced f or this very purpose. 
Apart from th e improvement of laboratory and other 
facility the scheme envisaged strengthening of inservice 
teacher training component. The progrimme of 'Develop¬ 
ment of Strategies of Teaching Physical Science at 
Secondary Level* was organised in this connection. 
D r .V.G. Jadhao, the Programme Director in consultation 
of the faculty of the science department planned this 
programme to initiate the teacttsrs and teacher educators 
of thu region to evolve the strategies for teaching 
physical science by active participation through 
discussions and study of the national a nd international 
efforts in this direction. The resource faculty 
comprising of the members of the staff of Physics and 
Ch e mistry sections have given commendable account of 
their hold on the content and methodology of teaching 
various topics as detailed out in the present .report. 
The participahtsnhave'also worked very hard to develop 
the write-ups on various topics. I hope this will be 
found useful in actual classroom situation and look 
forward for its wide use and constructive criticism to 
guide us in our future efforts at organising similar 
programmes. 

Professor N. Khattar 
Head of Science Department 
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BRIEF REPORT BY THE PROGRAMME DIRECTOR 

Under the auspices of National Council of 
Educational Research and Training (NCERl), R 0 gional 
College of Education/Bhub a neswar f organised a programme 
for 'Development of Strategies of Teaching Physical 
Science at Secondary Level' during September 1- 7, 1993 
in the College for the Teachers and Teacher Educators 
of Bihar and Orissa. Out of the expected 20 teachers 
and 10 Teacher Educators 11 teachers and 7 teacher 
educators attended this programme* Out of these 8 
teachers and 6 teacher educators came from Orissa and 
3 teachers and 1 teacher educator came from Bihar* 

So as a whole turnout was 60% and both states as well 
as both categories of participants were well represented. 

A t the outset the participants were accorded 
welcome by the programme director and he also introduced 
the functionaries on the dias and the resource persons. 
Participants then introduced themselves describing in 
brief the-work .they d 0 in their institutions. After 
this tne programme director stated in brief the 
objectives of.the programme ass i) Providing to the 
teachers and teacher educators of the region an oppor¬ 
tunity to share and critically analyse their views 
on the content and methodology of teaching physical 
science at secondary level/ ii) developing some exe¬ 
mplars on some selected topics of physical science 
and iii) recommending some general guideline s for 
teaching physical science at secondary level. The 
Coordinator of Extension Department, D r .J.K.Mohapatra 
in hi s terse observation stated the interplay between 
the research in science education a nd the teaching 
practices adopted in tie classroom. The programme 
was formally inaugurated by Prof, and Head of the 
D e partment of Science, D r .N.Khattar* In hi s inaugural 
address Prof. Khattar referred to the National Policy 
of Education, 1986, and emphasised the role of teacher 
in its implementation and hoped that this programme 
will go, a long way in initiating the teacher and 
teacher educators in construction of pedagogical 
part of the physical science curriculum at secondary 
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level and thus supplement the efforts made under the 
Scheme of improvement of Science Education in Schools 
( SISES ) . D r . S.K.Mohapatra#\In Charge of Chemistry 
section proposed the vote of thanks to the educational 
authorities of the Government of Orissa and Bihar# 
to the participants/ to all members present in the 
inaugural function, and to the Staff members of 
Extension and Audio-visual Departments and willed 
that the participants will have a nice stay and 
will do meaningful work. 

Four sessions comprising 12 hours were devoted 
ons i) the threadbare discussion on objectives of the 
workshop as outlined in the approach paper clarifying 
the meanings of the terms like strategy# approach and 
skills# ii) discussion on relevance and inclusion 
of alternative frameworks of pupils as a necessary 
pedagogic input from the researched Conducted in this 
area# and iii) discussion on the specific teaching 
strategies exemplified by the Resource persons in 
their presentations on some selected topics* After 
this the participants arrived at a commonly agreed 
proforma for development of exemplars in topics selected 
by them on the basis of the proforma suggested in the 
approach paper. All the participants were provided with 
necessary literature on teaching of physical science 
at secondary level from the rich library of the college. 
Shri Madhusud^n Mohanty one of the teacher educators 
accepted the responsibility of preparing the draft of 
general guidelines on the basis of the discussion held 
in the programme and the literature provided for 
developing the exemplars. 

Remaining 8 sessions comprising of 24 hours 
were utilised by the participants for working in four 
groups to develop exemplars on 12 topics of physical 
science selected by the participantsThese topics 
were: i) Composition of Air# ii) Wave motion# iii) 

Other Sources of Energy# iv) Refraction of Light, 
v) Chemical 3onding, vi) Structure of Atom# vii) ’ 

Force and Acceleration# viii) Gravitation, ix) Oxi¬ 
dation-Reduction Reaction# x) ohm's Law Verification# \ 
xi) Magnetic Poles and xii) Concept of Work.These. 


r 

f 
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exemplars followed by a Bibliography form the third 
chapter of the detailed report of which this report 
is the first chapter- The second chapter consists of 
the presentations of the resource persons on the 
content and methodology of teaching some specific 
topics as well as on the importance of alternative 
framework in teaching physical science* The Annexures 
contain the approach paper by the Programme Director, 
the draft of general guidelines for teaching of 
physical science, the list of participants and 
resource faculty, and the programme and evaluation 
sheet* 

Prior to the valedictory function evaluation 
of the programme was dene on following 12 aspects 
of the programme which are listed along with average 
response of the participants as follows* 


RESPONSE (in terms of % 
ASPECT of participants stating 

the aspect a s adequate 
or more than adequate) 


i) 

Discussion on Approach paper 

95 

ii) 

Content Coverage 

90 

iii) 

Methodology coverage 

85 

iv) 

Opportunity for free 

Discussion ,. . 

95 

v) 

Time alloted for development 
of exemplars 

85 

Vi) 

Duration of the programme 

50 

vii) 

Resource Material provided 

85 

viii)Physical Facilities 

100 

iv) 

Suggestion for venue for 
future 

important places of 
Bihar and Orissa 

x) 

Concepts learnt better 

All concepts taken 
up by R e source 
faculty. 

xi) 

Approaches useful for teaching 
physical science 

Majority preferred 


environmental and 
logical approaches, 
other approaches 
like child centered, 
huristic, science- 
for-all and so on 
were mentioned. 
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xii) Referred literature Modular Secondary Science 

Resources and PSSC(Physics) 
were referred in majority 
of cases and all references 
listed in Bibliography are 
mentioned at least once, 

in the valedictory function the programme 
director presented the brief report of the programme 
incorporating the response of the evaluation sheet 
and stated his observation on group work ,that although 
in general it was quite vigorous so,me participants 
needed improvement in this regard, D*-, J.P.Sharma, 
Teacher Educator from Bihar and Shri Purna Chandra Rath, 
Shri H*N, Mishra^teacher from Orissa, and Sh r i Arun 
Kumar, teacher from Bihar expressed the reactions of 
the participants as their representatives. In general 
there was a sense of satisfaction and they wished 
this programme could be f or 15 days. Professor Khattar 
in his trite remarks expressed that he is happy if 
all are happy and hoped that the academic report of I 
this programme would reach the participants in due 
course of time. Our Principal Professor K,C* Panda 
gave the valedictory address^ wherein he said that 
for qualitative improvement of teaching in schools 
it is essential for the teacher to know more content 
as well as methodology. He stressed the importance 
of process approach of teaching'science and hoped 
that the work on integration of content and methodology 
initiated in this programme would be useful and can be 
extended, D r .J.'K.Mohapatra proposed the vote of thanks 
to one and all and urged the participants to take 
■ this as a beginning and continue this work of meaning 
what you say an$L saying what you understand in their 
respective classrooms. 




PUPI LS* ALTERNATIVE C ONCEPTIONS 


Dr . J. K .M oh ap atr a, 
RC T, 3 hub anesv;ar 


After Ausubel's profound statement - 

- the single most important factor determining 
the degree of learning’ of a pupil is the 
concepts tnat the cnild carries with him/her 
into the classroom; ascertain them and teach 
him/her accordingly. - 

There has been a spate of research to diagnose, map* 
analyse and understand pupils' alternative conceptions 
about concepts in science. Some of the conclusions 
arrived at due to this intensive and extensive research 
are the following? - 

a) No child enters a class devoid - of personal 
constructs. 

b) In most of the cases these personal constructs 
are different from those of the formal science. 

c) They strongly affect the degree of learning* 

d) They offer resistance for modification Or 
erasement• 

e) I n many cases the personal construct of each 
child for any particular concept is different, 
from that held by any other child. 

At this point fev examples of these personal 
construct i.e. alternative conceptions of the pupils 
are in order. 

Example-1 : The pupils are shown a glass full with 
water and a brass sphere and are 
asked-if this brass sphere is hopped 
into the water what will happen ? 

The Responses were collected in two phases. Firstly, 
the straight answer to the question as given by each 
pupil is recorded. Secondly, each pupil is engaged 
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in a discussion and effort was made to have a peep 
into che reason for him/her giving the particular 
answer. At the end, compilation of the responses 
showed that there are four typos of answer in the 
framework of the reasons given. 

Answ er-1.1 ; If the ball is dropped into the 
water nothing will happen, to the 
level of water. 

Risasoqs given 6 "Wg have seen at home that in tns 
early morning our mothers pat spoons 
of sugar in to cup of tea, but 
nothing happens to the level of tea- 
Tea is a liquid, water is a liquid, 
and suga is a solid that is heavier 
than tea, brass is also a soil'd 
h-avior than wntgj?" • 

Comm e nts: It i s worthwhile to note here the 

logical way (in the pupil's frame) 
the pupil tries to justify his/her 
answer. The approach has enough 
similarity with the approaches of 
Scientists in explaining 'theL r 
observations. H 0 wever, the mistake 
'the pupils commit is thr-t they try 
to extend their observations about■ 
particular event to a different eve 
which appears to be similar to the 
first one. Infac t, they advance 
arguments to justify the similarity 
of the two events. We call this 
process as "Conceptual Extrapolatj r 


Answer~ l. 2 : If the brass ball is dropped into $ 
water, the level of wat^r__will go 


down. 




R easons given ? "VJh e n we go back home and sit 

the couch it gets squashed because' 
we are heavier than the couch• ®in££ 
the brass spher© is heavier than w| 
so the water will also get squeeze® 
and the water level will go down" 
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Commen tsi This is again a case of conceptual 
extrapolation and the arguments 
advanced by the pupils appear to be 
good enough in the pupil's frame of 
reference. 

Answ er-1 . 3;If the brass ball is dropped into the 

waoer* nothing will happen to the level 
of water. 

i 

Reasons giv en: In this case, though the answer 

given is the same as that in Answer-1 .1, 
the reasons out forward were totally 
different, "Sir '. we-'leave near a sea 
port. Daily so many ships come to the 
port. They are huge objects made of 
pteel. But nothing happens to the 
level of water of the sea. So nothing 
should also happen here". 

Comments ; This answer is an excellent example 
of pupils’ alternative conceptions 
generated through the experiences 
gathereed from the environment. 

Ans wer-1.4: Wat<=»r will flow out from the glass. 

Reasons g iven; When this answer was given we were 
a bit happy as it conformed to our 
expected response. But the reasons 
advanced by the pupils were totally 
unexpected. "Sirl water has to over 
flow because we have seen that when 
mummy puts us in the b a th tub water 
flows out from the tub". 

Comments: This response is again an example of 
manifest' alternative conceptions 
generated through life centered 
experiences. 

The above example indicates that the pupils 
generate their own .'Knowledge based on their own alter¬ 
native conception^ create^ through multidimensional 
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experiences. The second example given below is an 
example of a different type where the pupils logically 
apply what they have learnt in the class and arrive at' 

an answer which in contradiction- with the f ormal 

* 1 

science concepts. 

Example-2 : As a pencil -on- paper test, a list ff 
- terms were given to the pupils and tb 
, ■ - “were asked to tik the terms which 

describe living beings. One of the 
terms in this list yas "Fire' 1 ■ 

i 

Answer-2.1 :About 70% of the pupils answered that 
"Fire" is a "living being". 

Re asons given : "Fire is a living being because? 

a) F ire ca n move from one place to am 

b) Fire can reproduce fire. 

c) Fire needs food in the form of dry 
wood, leaves etc. for its survival ( 

d) Fire breathes oxygen. Without 
oxygen fire dies. 

e) Fire reacts in the f orm of sparks 
when there is stimulus in the form 
of beating it with a stick. 

Thus fire possesses all the character: 
sties of a living being and hence 
is a living being". 

Co mment st The arguments clearly shows lacunae 
in the drafting of our text book and ' 
the teacherfe ignorance that the 
knower constructs his/her knowledge. 
The teacher is not to teach but help 
the pupil to learn himself. In that 

i 

sense the teacher has to be a faci¬ 
litator • 

At this stage let us take an ex a mple from 
chemistry. v 
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Ex ample^-3 s The pupils who were tested have 

already been taught "Physical change", 
"Chemical change" and "Oxidation", 
"Reducfttion". They were asked a very 
simple question; - "The gain in mass 
of an iron nail due to rusting is a 
Physical change or a chemical change?" 

Answer-3.l t More that 70% answered that it is a 
physical ch a nge. 

Reason s given s When engaged in a group discussion 
they voiced that since mass is a 
physical property of a substance 
any change in it has to a physical 
ch a nge. 

Comments i The condept of "mass” has b e en 

ingrained in them in the frame work c£ 
its form and focus as taught in 
physics. This conceptualization is 
so strong that whenever they encoun¬ 
tered an event dealing with mass they 
immediately conclude it to be a physical 
event. 

This physisality of a concept in the domain of 

comprehension of the pupils is made more aparent in the 

r\ 

following example. This example also involves "mass" 
but in a different context. 

Exam ple-4: The pupils are shown two bags, one 
containing potatoes and the other 

brinjals. They are asked to find out 

\ 

the mass of each bag using a beam 
balance. They found out that each bag 
weighs exac tly 1 Kg. Then they are 
asked - "which bag is the heavier one?*’ 1 

Answer-4,I sMore than 50% of the pupils answered 
that the bag containing the potatoes 
is the heavier one. ’ 
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: The bag containing- the potatoes 
must be the heavier one because 
potato is so dense and brinjal 
is'so floppy. 

This is a very interesting illu¬ 
stration. The pupils have their a 
concepts about the term "heavy" 
and "light"/ which they have acqui 
from hearing such statements in 
daily life as - "this stone is vet 
heavy", "this iron bar is very 
he'avy", "this piece of wood is vet 
light". They now apply these alcer 
native conceptions to the situatic 
stated above by totally forgettinc 
their own experimental finding the 
both the bags weigh exactly 1 Kg ( 

An example of a different type is the following 
concerning the laws of reflection of light. 

Example-5 : We know that the law of reflectior 

states - Angle of incidence is eqi 
to angle of reflection. The pupils' 
were asked - Is this law valid 
in the case of reflection from a 
spherical mirror ? 

Answer - 5.1 : More than 80;4 of the pupils answe! 

"No" . 

Reas ons given : In most of the Cases the pupils 
who gabe the answer "No", failed 
to give any reason for such an 
answer. But few of them said that' 
the law is valid in the case of 
reflection only from a plane 
mirror. 

Comme nts • It was worthwhile to search for f 

cause of such an answer and the ? 
associated reasoning. What finallfl 
was obtained is the following* - ! 
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In the book law of reflection is 
explained by using diagram of a 
plane mirror. I n the practice Is 
the pupils verify laws of reflection 
by using only plane mirror. So it 
has been induced in their mind that 
law of reflection is valid in the 
case of reflection only from a 
plane mirror. This we call the 
Process of "Induced incorrect 
generalization". 

The research journals ar'e full of many studies 
on pupils alternative conceptions in specific concept 
areas. The results of these investigations show that the 
alternative conceptions rarely have a culture-bias or 
geographical boundary bias. Further* even undor the 
best of teaching - learning climate* i.e. with the 
best of teachers* best of physical facilities* best of 
laboratories, best of text book and resource materials* 
the pupils do possess similar alternative conceptions 
which greatly control the degree of learning of the 
pupiIs. 


Then the rjuf stion arises - Under these circumst¬ 
ances what the teacher will do? If this is the actual 
situation what strategy the teacher will follow to teach 
science? Of course, the most important step is that the 
teacher must recognise the fact that pupils have alter¬ 
native conceptions which greatly determine the degree 
of learning. He should no longef live in the hypothe¬ 
tical framework that he is the source of all knowledge 
and the pupil s job is to receive it from him. He should 
realise that the pupils will receive what they feel is 
worth receiving and that too in a form that their alter¬ 
native conceptions permit. In this framework we suggest 
the following strategy consisting of five different steps, 

STEP- 1 ; The most important step is that the 

teacher must identify pupil's alternative 
conceptions. To do this he must generate 
su c h an atmosphere in the class as to 
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encourage each pupil to Voi ce his/her 
alternative conception in the specific 
concept domain which the teacher has 
planned' to teach. This is a difficult st e : 
for implementation. Because# a pupil will 
rarely voice his alternative conceptions 
due to (a) The fear that may^ reprimanded 
by the teacher# (h) the apprehension that 
he may be ridicule^ by his classmates and 
(c) the assumption that teaching can still 
go on even if he does not proffer a state- 
ment. O n e of ^best teehnique^to create a 
conducive atmosphere is to clivide the clas 
into groups and engage them in inter-grout 
discussions• 


STEP-2i Once the alternative conceptions, have b e et 
identified then he has to locate the zona 
‘ of Over lap between the alternative concep¬ 
tions and the concept he is going to teacr. 
This is necessary# because only then h e 
can decide whether the alternative 
conceptions can be absorbed# or may be 
modified or should be totally erased. 

STEP-3 s Then he has to generate Interaction betwe’ 
the pupils# between the pupils and himsel 
so that the pupil himself realises whathe 
his personal constructs can be absorbed c 
needs modification or should be erased. 


ST EP- 4 : Only then the teachexrcan proceed to engac 

the pupils in su c h activities as to help 
them to learn the Oq ncept . Designing of 
these activities needs all the expertise^ 
and ingeneuity of the teacher because the 
activities h a ve to be new# interesting# 
absorbing and must have the inbuilt abil| 
to arouse curiosity and to storm the bra| 


T ° leave a deep imprint of the concept 
the minds of the pupils# the teacher that 
should Enun cjat'e the concept with, suita^ 
examples. 

We call this strategy - "VOICE" by collecting 
:irst letters of the key words of the above five st@p 



TEACHING OF CHEMISTRY AT T^TS SECONDARY LEVEL 


Dr .A.N.Gupta* 

R.C »E., Bhub aneswar 


Introductio n 

At the secondary level, although Chemistry 
is a part of the G e neral Science syllabus even then 
it has special place as a separate discipline due to 

I 

its correlation yith other sciences like physics 
and biology. Without proper understanding of certain 
concepts of Chemistry it is not possible to clearly 
think about many physical and biological phenomena. 
This arises due to the fact that chemistry deals with 
the constitution of matter belonging to a living 
or nonliving system. Hence it is essential for us 
as teachers to give a very clear and proper understa¬ 
nding of certaih basic concepts of chemistry so that 
the pupils can apply them in other fields. 

The Sy lla bus 

The science syllabus of CBSE and other states 
as x/ell includes the following topic coming under the 
domain of Chemistry; 

i) The Nature of Matter 

ii) Periodic Classification of Elements 

iii) Chemical Bonding 

iv) Chemical Reactions 

v) Energy Changes in Chemical Reactions 

vi) Chemistry of C a rbon Compounds 

vii) Chemistry of other Elements 

Tbe^S-trategy 

f 

The topics listed above form the basic core 
of both physical and biological scienes, and can be 
taught by adopting the methods/approachess 

i) Lecture Method 

ii) Demonstration Method 

iii) Making Use of Model and Charts 

iv) Discussioh Approach. 
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It is not advisable and proper-to say that a particular [ 
topic should be taught by any specified approach* 
Depending on the concept- involved and the inclination 
of the teacher any one or the ( combination of more than 
one approaches could be adopted. For example if one 
has to teach the topic on structure of matter he would 
prefer to use Charts and the commonly available mate- 
rials around us to give the cohcepts involved. 
Classroom-discussions can also help the students in 
understanding this topic, Similarly Periodic glassi¬ 
fication of elements can be talight btf Using a serie of 
charts giving exhaustive informatloh on the properties 
of elements* Normally we use only the periodic table 
which gives th-e symbol and atomic weight and atomic 
number but does not give any information on the 
properties of the elements which form the basis of 
the periodic classification. So some new charts should 
be prepared may be with the help of the pupils them¬ 
selves, I am sure the pupils will enjoy this activity. 

The topic on Chemical Bonding should b e taught 
using models. These models can be prepared using 
plastic or clay balls and ordinary springs. Pupils can 
get a better idea looking at these models about geo¬ 
metrical shapes of different molecules and also they d( 
not form wrong concepts like# say, methane is a plana 
molecule which it is not* This happens because we 
write structural formula of methane so many times ^ 
onthe plane of the blackboard. Wherever models are 
not possible charts could be prepared and used. 

* 

Chemical reactions and their rates form the 
very core of chemical and biological processes and 
their understanding is very important. This topic ^ 
can be taught using some simple laboratory demonstra-| 
tions, showing the effect of temperature and concentr^ 
tion on chemical processes. The topic on energy l 
changes in chemical processes should also incorporate! 
certain simple experiments. 
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The subject matter o£ organic Chemistry involves 
the study of carbon compounds with other elements such 
as hydrogen/ oxygen and nitrogen. This topic can best 
be taught using charts and models. The molecules of the 
organic compounds havewidaly different shapes. These 
shapes cannot be explained unless we use three dimen¬ 
sional models- These models help pupils to understand 
more clearly thebond formation in organic compounds. 
Difference between single bond/ double bond and triple 
bond can be clarified by using these models. We can 
involve our pupils in making the models and in this way 
pupils can own these modeLs. Of course it is not 
possible to prepare model for the molecule of each and 
every compound/ but it is possible to make them for 
some simple compounds having different functional 
groups ,as well as different types of bondings. 

The last topic on Chemistry of other elements 
is an extremely descriptive subject matter and we have 
to cover this topic using only the lecture or lecture- 
cum-discussion method, The s e lectures can be illustra¬ 
ted with charts and models wherever possible. While 
giving these lectures appropriate use of the blackboard 
shruld be made to write the important points and draw 
line drawings of apparatus/ structures and classifica¬ 
tions. Finally/ I would like to make it clear that 
there Cannot be a definite rule for teaching any topic 
or concept and the teacher should have the necessary 
flexibility to choose the approach which he feels most 
appropriate. Hq is the best judge in this regard because 
he alone knows the facilities available in the school 
and al s o about his own abilities and the needs of is 
pupils. I n spite of all this/ our basic objective 
remain the same namelythe development of the proper 
concept in the pupils^the sharpening of their abilities 
to apply these concepts in other streams of science 
and life itself. 




CONCEPT OF FORCE 


Dr.V.G.Jadhao 
R < ^ ^ * , Bhu ban © s wa 

1 i 

Introduct ions 

The term "Force" is familiar to all of us in the 
sense that we use it in our day to day language while 
describing things and events happening all around 
us. For example we say water is coming out of the tap 
with great force? the police forced the door opeti; - 
inspite of applying so much force the lid of the tin 
is not opening? the earth keeps us tied down to 
itself by its gravitational force and so on and so 
forth. As teachers we also use it in solving the 
problems on mechanics or when we teach it as a 
concept in physics at any level starting from class 
three onwards. It is so fundamental a concept in 
physics that it is discussed at all levels in any 
science curriculum in an appropriately modified form. 
At secondary level it is discussed in class IXth 
after uhe chapter on notion and along wich Newton's 
Laws of Motion. In the discipline of physics force 
has a very clea r -cut meaning which is at variance cE 
its use in every day language which is biased by the 
Aristotalian way of thinking according to which 
state of rest was a most preferred state and therefore 
the state of motion even uniform motion must have 
some cause for it which can be construed as 'Force 1 . 
Naturally these ideas are contrary to the formal 
concept of force but these very ideas nevertheless 
persist with pupils and teachers of physics. That it i s 
so was again demonstrated in this group of teachers 
and teacher educators by administering the question 
regarding the direction of f orce acting on the ball 
in the thought experiment suggested by Professor 
Osborne. For the sake of completeness it is appro¬ 
priate to describe the thought experiments we describe 
to the group a situation in which we take a perfectly 
elastic ball and allow it to fall as it would on a 
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perfectly elastic floor in an evacuated chamber so that 
air resistance does nuL v_~m.e into picture* Then we ask 
the group members as to what would happen. They would 
all say that the ball would travel up and down till 
all time to come. Then th e y should be allowed to have 
any query ahouttthis situation. These queries should 
be appropriately answered without using the term force. 
After this following question can be asked. 'What is 
the direction of force acting on the ball at the 
instant when it passes any point between the floor 
and the topmost ppint of its journey in i) upward 
direction and ii) downward direction. 

The Osborne eXparimat c~an also be utilised in a 
class room situation before or after the teaching as 
is found suitable by the teacher. Now in what follows 
we are listing the prevalent misconcepts about the 
concept of force / discussing its causes and the appro¬ 
priate strategy for teaching the concept of force. 


The Jlj n concepts: 


A representative sample of the misconcepts 
related to Force are as f olliwss 

1. Force is associated with the body till it 
remains in motion. 

2. When a body is at rest theforce acting on it 
is zero. 


3. Force is always in the same direction as that 
of the velocity. 

4. Centripetal and centrifugal forces both act 
on a body moving in a circle. 

Now let us discuss their origin and methods to prevent 
them. When we introduce the concept of force the very 
first example that we teachers tend to give is that 
of a stationary object like duster or a piece of chalk 
and impress upon our pupils that it will remain so as 
'-°ng as ve do not apply f orde on it. So the pupil reverse 
the argument in his mind and thinks that as force is 
required to have r.iotio n i 1 ' t’v object at rest wherever 



there is motion force must also be present there. 

He is further helped in forming this misconccpt by our 
inability to show him such motions which do not require 
any steady f orce to act on the object to keep it in 
uniform motion because of the ubiquitous presence of 
the frictional forces in every situation involving 
the object. W e should emphasise in giving the above 
example that force is needed only to change the velocit 
of an object" and no force is needed to maintain its 
constant velocity. In every day life we do require 
a steady f orce to maintain constant velocity of our 
bicycle or moped in order to Overcome the friction 
arising due to relative motion of two surfaces in 
contact. Fundamentally these are also the result of 
interaction between the atoms and the molecules of the 
two surfaces* This brings us to the crux of the problem, 
Force acting on any object in 'any situation is always 
the result of its interaction with another abject as 
is implied by Newton's third Law (If motion. This 
being the situation one cannot associate force with 
one object alonewhether it is at rest or in motion. 

A force may act on an object but the cause of that force 
is always external to the object. Naturally the directic 
of the force would then depend upon the location and_ 
the nature of the other object. This then takes care 
of the second misconcept. The third one arises because 

vJLii 

the pupil is ^aole to distinguish between two situations 
namely the object permanently at rest and the object 
rnomentarrily at rest. Whatever ideas he has regarding 
the object permanently at rest he carries them over to 
the object rnomentarrily at rest. To prevent this mis- 
conceotwe have to let the pupil first master the 
concept of average velocity and the instantaneous 
velocity. This has been very well dealt with in NCERT 
textbook at senior secondary level. Here it would 
suffice to say that unlike position velocity of a body 
is linked with two instants to begin wth and not just 
one instant. The displacement suffered by the body 
divided by the time interval between the two instants 
gives ns the average velocity during the interval. 
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The mathematical concept of the derivative of a function 
then gives us the concept of the instantaneous velocity 
as limit of the average velocity as the time interval 
tends to zero. What holds good for the velocity a Iso 
holds for acceleration. When we come across a situation 
which tells us that the velocity of an object is zero 
at some instant we must inquire what was its velocity 
just before that instant. If it was zero then the 
acceleration can be inferred as zero at that instat. 

If not then the instantaneous acceleration would not 
be zero though the instantaneous velocity is zero. 

Many such situations are fully covered in the tnought 
experiment of Professor Osborne. One has to just ask 
the pertinent question. The last misconcept has to d o 
with tne concept of pseudo force which is postulated 
in order to be able to apply Newton's Laws of motion 
to the non-inertial or accelerated frames of reference 
where in fact the lav/s do not apply. The centrifugal 
force is the psuedo force experienced in the rotating 
frame of reference be it earth teren it is called 
coriolis £ orce or a turning car wherein it is expe¬ 
rience as a force acting outward. In our teaching of 

tv 

circuln motion ve do not emphasise the fact that the 
centripetal and centrifugal forces are not independent 
types of forces. They are just the names given to the 
forces acting in certain well defined situations like a 
body having uniform circular motion. It is like calling 
the force acting on a body moving in a straight line as 
backward and forward force. 

Th e Concept and Beyond : 

The first and the foremost thing one should keep 
in mind while learning the concept offeree is that 
there does not exist any definition of force inde¬ 
pendent of Newton's Laws of motion. The first law 
gives you the qualitative definition of force. It 
just tells us how to conclude from our observations 
on the body wh.ther any force is acting on it or not. 
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If one finds that the momentum of the body is changing ; 
with t*me wnich is equivalent to saying that the 
body is having acceleration then some force must be 
acting on it. The second law quantitatively defines t 

the force as mass-times acceleration. This is known < 
as Mach’s Principle and is used to correctly understand 

t 

the concept of force. The significance of the third 
law is much deeper than the action and reaction it 
talsks about. It states a very important characteri¬ 
stics of the force namely that forces always occur 
in pairs. When we are interested in the motion of only 
one body we may not consider the other paired force 
but it does exist. Thus the third law states that 
force is the result of the interaction between two 
bodies. Only few books at secondary level emphasise 
this fact. 

Finally it can be said that force does not have 
any objective existence as many other things in the 
nature have/ but it is just a mental construct created 
by Physics or the physicists to interpret the kinematic 
of a body. Acceleration being bhe kinematic concept 
Mach's Principle describes the concept of force irT 
terms of it as mass tines acceleration. That is that; 
nothing more# nothing less-. That is why some physicists 
believe that force is a 'ghost' we no longer need. In 
lagrangian and hamiltonian formulation of classical 
mechanics indeed we do not need the concept of farce 
explicitely. In plaee of that vre have to use the expre¬ 
ssion for energy as the fundamental postulate. E v en 
for predicting the position of a body under the action 
of a single force its aceleration is enough. Force 
does not give us any extra inf oration. This novel 
exercise of recasting the problems of physics at 
school level i n terms of energy rather than force can 
bo undertaken by enthusiastic teachers. An humble 
beginning can be rrade with the physics problems at the 
secondary level. Following things have to be kept in 
mind while undertaking this task; 



1) Kinetic energy of a body is taken as equal to 

i 

half of its mass Uhls the velocity squared as a 
fundamental postulate not to be proved, 

2) When the acceleration is positive the change 
in kinetic energy will naturally be positive and 

when it is negative the change in kinetic energy woi Id 
be negative. This is very challenging and if this 
can be done it will- amount to a major curriculum 
construction in physics at school level similar to 
what we have seen in the subject of mathematics, 

Refe rences 

1, Teaching of S c hool Physics; Ed.J.L.Lewis,Unesco 
Resource Book, Penguin Books, Unesco (1969), 

2, Physics Part I; O.Halliday and R.Rosnick, Wiley 
E a stern Limited, New ^lhi (1991). 

3, An Introduction to the Meaning and Structure of 
Physics’? L,N t Cooper, Harper and Row limited, 

London (1969). 




periODIC TABL E AMD PERIODI C PROPERTIES 

Dr. (Mrs) N*Chhot.ray, 
ROE, Bhubaneswar 

The arrangement of elements in the form of 
periodic table is a systematic approach to the compara- 
tive study of some physical and chemical properties of 
all the elements discovered till now. It i s really a 
problem to memorise the properties of such a great 
number of elements (110) . So the necessecity of the 
classification of these elements becomes important. 

The topic - the periodic classification of the 
elements and the periodic variation of some of their 
properties" generally dealt, in the classroom, with 
discussion mgthed. The major points to be discussed are: 

(i) The historical development of the periodic ' 
Law and tne periodic table. 

(ii) The .concept of the periodic table and the 
periodic properties. 

(iii)Discussion of the different portions of the 
long form of the periodic table. 

(iv)liain features of tne'periodic table i.e. 
detailed study of the periods and groups. 

(v)Periodic variation of some of the properties 
of the elements such'as atomic radii, ionic 
radii, ionisation energy, electron affinity 
and electronegativity etc. 


Conceptss 

1) Wnen the elements are arranged in order of 
increasing atomic number they show periodicity of 
electronic configurations. 

2) The a r rangement of elements in the form of 
vertical columns called "groups" and horizontal rows 
called "Periods" is defined as Periodic Table. 
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3) On the basis of electronic configurations, 
the elements can be classified into four blocks s 
p-, d-, f- block, depending on the nature of the 
atomic orbital into which tne last electron enters. 

4) Depending on the number of incomplete shells 
of electrons in the atom, the elements are grouped 
into four classes according to Bohr. They are Inert 
gases. Representative or Normal elements; Transition 
elements; Inner transition elements and are Called 
Bohr'sclassification. 

5) Atomic or ionic radius is a measure of the 
effective size of the atoms or ions. Atomic radius 
has different value in different environments, 

6) I D nisation energy is t. he energy required 
to remove the most loosely bound electron (i,e. the 
out e r most electron) from an isolated gaseous atom of 
an element in its lower energy state (i.e» ground 
sta-e) to produce a cation. 

7) Electronegativity in the measure of the 
ability of bonded atom to attract the shared electron 
pair towards itself. 

8) Electronaffinity is the energy released when 
an electron is added to an isolated neutral gaseous 

atom in lowest energy state (i;e ground state) to produce 
an anion. 

9) in a group, atomic size increases and 
consequently ionisation energy, electron affinity and 
electronegativity increases. 

Teach ing aid ; A "periodic table" chart is classically 
invougued for this purpose. S 0 it is desirable to have 
the periodic table, quite informative one. The classical 
periodic rafale bears the following informations/ such 
as symbol of the elements, atomic numbers, and atomic 
weights. 

In addition to these, tie Table should be provided 
w jj-th electronic configurations, percentage abundances 
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of the' elements# However/ for the discussion of the 
variation of different periodic properties of the 
elements (such as atomic and ionic size, ionisation 
potential/ electronaffinity and electronegativity etc,), 
The use of separate periodic table for each of the 
properties would be mor© appropriatet I n such periodic 

charts, gradation of properties are represented 

/ 

pictorially as the, gradation of the size of the circles 
The circle represents the value of a particular 
property of the elements in that periodic chart. The 
value of the property is also given along with the 
circle, (as in Table -1 and Table-2)* 

Such"periodic table" charts can be made enlarged 
and other similar charts on different properties can \ 
prepared indigenously. The chart may be made attrac-tu 
using different colours. F or,examples, metals and . 
non-metals cap be siown distinctly using different 
colours, 

■ The demonstration of such periodic tables would 
certainly be more helpful and valuable teaching aid 
for a better understanding of the topic. 


*(Table-1 and Table-2 are already distributed among 
tne participants). 


i 




TEACHING OP WAVES 


Dr.B.K.Parida, 


Till the early part of the present century it 
was thought that our Universe consisted of 'particles' 
and 'waves' * Then it was discovered that at the micro¬ 
scopic levol particles bohavelike waves end waves behave 
like particles. The importance of wave phenomena can# 
therefore/ never be over-emphasized. Like many other 
topics in Science*, teaching/learnihg of ‘waves' is not 
easy and involy.es both .physical observations and 
mental exercises* To facilitate te&ching/learning of 
waves at the school level we suggest below some 

A 

strategie'/activities and aids which may bo adopted 
by the concerned teachers. 

Strategies 

(i) The teacher may ask his students if they know 
what a wave Is. 

(ii) The students may be asked to give as many 
examples of waves as they can. These may be 
put in different groups by the teacher. 

(iii) They may be askecl to recollect their experiuices 
with waves and state their observations in some 
.detail# for example, in case of waves on water. 
This may indicate and excite their keenness of 
observation. 

(iv) The students may be asked if they find anything 
common between the various types of waves they 
have experienced. These characteristics may 

be noted down by the teacher and used to 
develop the lesson. 

The above will give a "child centred." 
orientation" to the subject,>hich has been recognised 
as an important aspect of teaching. Moreover, these 
will help bring out the alternative conceptions of the 
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children about waves which can then be suitably taken 
care of by the teacher for more effective teaching, 

(v) Actual demonstration of a wave phenomenon as, 
for example, waves on a string or on water 
surface would be vfery helpful. The teacher may 
try various strings, springs, tubes etc. and 
find vne which gives an observable wave 
phenomenon. Some books like the PSSC book on 
Physics contain' excellent .photographs illustrate 
various aspects - of :wayes. They may be used 
profitably. The students need be asked to take 
active part i'h demonstration of wave phenomena. 
If needed, the teacher may announce that his 
pupils are working'’ and observing like Scientists, 
This would motivate them to learn more and more 
about waves and enhance their interest in obher^ 
topics/subjects as well. 

(vi) After discussing general characteristics of 
waves, different classifications of waves may 
be discussed to illustrate the various aspects 
of wave phenomena. 

(vii) Graphical method' of dealing with waves is 
convenient for visualization and may be adopted. 
The students should be trained to draw various 
wave forms. 

Points to be emphasized : 

In course of teaching waves the following 
points may be emphasized to avoid confusion and for 
better understanding. 

(i) In a wave phenomenon, the wave form or shape 
of the disturbance moves from place to place 
at a definite speed which can be calculated. 

(ii) Vibrations create waves. This can, for example, 
be demonstrated by inserting a stick in a 
trough of water and moving it back and forth. 
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(ill) Wave is a mechanism which carries energy from 
one point to another. 

(iv) Whereas energy itself is invisible, some types 
of waves are visible (e,g. waves on a string, 
waves on water surface, waves on a fluttering 
flag, waves on a waving hand kerchief) . There 
are also other invisible types of waves, e.g. 
light, sound, radio waves etc, 

(v) Importance of waves s Without waves we cannot 
survive since most of the solar energy reaches 
us as waves. Without waves communication 
between persons and places would not be possible. 
In medical science, information regarding body 
parts like heart , brain is obtained in the 
form of waves in ECG and EEG. 

(vi) In the study cf wave phenomena some idealizations 
and approximations are used. When a pulse is 
propagating along a string it gia dually diminishes 
because of the resistance ofjb-evseurcd by the 
medium like air and due to the internal resistance 
of the string. This is a complicated situation. 
Another complication is known to occur when wave 
amplitudes arc large. To avoid these complications 

of a real life situation, we usually idealize the medium 
and the string to be resistance free and keep the 
amplitudes reasonably small.. Construction and 
use of mental pictures is a great help in this 
regard. 


A zero coa t teaching aid 

A no cost teaching aid is suggested below to 
illustrate some aspects of wave phenomenon. The teacher 
may modify/improve this design or devise new aids for 
the purpose of teaching waves. 


A narrow, long strip of paper is uniformly 
folded up. When opened it may look like Fig.l which 
may be considered to be a snap shot of a wave. 
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This can be used to illustrate important concepts 
like amplitude, wave length, phase, wave front etc. 

In fact;. amplitude and wavelength can be directly 

\ 

measured with a scale, 

I 

Another narrow, long strip of paper is folded 
unevenly such that on opening up it looks like Pig,2. 
This can be easily used to demonstrate the ideas of 
amplitude modulation (Pig,2) and frequency modulation 
(Pig,3) which are so vital in, e.g, radio and micro- 
vaye communications, 


Mill 



ELECTROV&LEHT BOND 


Dr.T.J.Vidyapati, 
R.C.E./Bhubaneswar 

introduction 

Teaching is a complex process comprising of 
id.-;ntification of instructional objectives/ selection 
and sequencing of learning experiences to develop 
various concepts concerning the lesson* Effectiveness 
of the teaching much depends upon how effectively 
each of these component acts are caried out* The 
various activities performd by a teacher in the class 
room are intended to result in learning inthe children. 
Three levels of learning can be listed: i) cognitive 
domain which is related with, .recall/recognition of 
knowledge and the development of intellectual skills 
and abilitis: of application of knowledge. Learning is 
a process by' which the pupils acquire new forms of 
behaviour. This change in behaviour can be stated in 
terms of its outward manifestation and are stated as 
specific objectives of a lesson in the f orm of what 
pupil does if he understands and how to ensure that 
he has understood. These are also termed as behavioural 
outcomes and can be listed under three levels* 

a) Knowledge- recall/ recognition of terms/ 
processes, definitions, formulae and so on. 

b) Understanding- give example, discriminate 
between, see relationship between, verify, interpret, 
classify, generalize and so On* 

c) Applicstion-formulate and establish hypo¬ 
thesis, reason out, infer, predict andso on. 
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The following is-- an ■ illustration of a lesson 
on'ElectroVeient’.Biond* which comprises instructional 

* i 

goals and their specification in terms of pupil behav¬ 
iour/ concepts, teaching points a nd sequential learning 
experiences with appropriate expected learning outcomes 

The lesson 

Instructional goals of the lesson are* to enabl< 
the pupils to, 

i) acquire the knowledge of the terms electro- 
valent bond and electrovalent compound, 

ii) understand the formation of electrovalent 
bond, and 

i 

iii) apply the knowledge an’d understanding gained! 

i 

in new situations. - J 

Concepts - 1. Atoms combine to acquire stable electron 
configuration.’ ' <' s. 

q -, e . * . r - ■ - ' ’' i 

2. Atoms of some 6lemehts attain'stable"* 

/ f * * * > (j 

electron"configuration 'by* loss of electre 
and atoms of some elements attain stabi¬ 
lity by the gain of electrons. 

3. An atom by the loss of an electron become 
a positively charged ion and an atom by 
the gain of electron become negatively 
charged. 

7 4, An electrovalent bond is f armed when 

valence^ is transferred f rom an atom with| 
'.greater tendency to lose electrons to I 
an atom with greater affinity for 
electrons• 
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Sequential Learning 
Expor-i ences_ 

1. Teacher takes a trough 
of wat e r and drops a piece 
of sodium metal into it 
and asks the pupils to 
observe* 

2. Teachfi drops a pinch 
of salt (sodium chloride) 
into another trough of 
water and the pupil 
observe again. 

3. Teacher askss i)"What 
is present in sodium 
metal? 

4. ii) If the molecular 
formula of sodium chloride 
is NaCl, what are the 
atoms with which it is 
made up of ? 

5. iii) Vfhy is sodium in 
NaCl not reactive whereas 
sodium atoms in the metal- 
are reactive ? Let us try 
out an answer for this* 

6. Teacher asks the 
pupils to name some inert 
gases a nd compared their 
electron configuration. 

7. Teacher explains that 
the inert nature of these 
gases is du e to the pre¬ 
sence of an actet of 
electrons in the outermost 
shell and this is a stable 
electron configuration. 


Expected Behavioural 

PufcSQmfiL_ 

Recognise: sodium reacts 
vigorously with water libera 
ting a gas. 


Recognises Sodium chloride 
does not react vigorously. 


Recalls atoms of sodium 


Recognises sodium 'and 
chlorine 


Recalls names of some inert 
gases to find. 


Recognises inert gases have 
eight electrons in the 
outermost shell. 


neon 


8. Teacher shows a periodicRe-cognise 
table of elements and asks 
the pupils to identify the 
inert gas which is nearer 
to Na in it. 
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9. Teacher asks, i) “What R e calls 2,6 

is the electron configuration 
of neon? 

10.11) What is the electron R e eall: 2,8.1 
configuration of sodium?" 

11 .Teacher asks the pupils Recognises Na has'one elec, 
to compare the two and think tron more than what Me has 
how sodium atom attain? 
stability. 

12.Then he asks, i) "What See relationships 
are the ways by which i) acquiring an octet of 

sodium can get an octet electrons in the outermost! 

of electrons? shell by the gain of 7 ele-| 

ctrons or by the loss of anj 
electron. 

13.11) Which process is Reason out* loss of an 

easier out of the two? electron is easier. 

14.Teacher explains that 

sodium has a total of 11 Recognises sodium atom 

electrons and an equal becomes positively charged 

number of protons. Since sodium ion (Na ) 

electrons are negatively 

charged and protons are 

positively charged there 

is a total of 11 positive 

and an equal H negative 

charges. That is why 

sodium atoms have no net 

charge on them. But when 

sodium loses an electron 

from the outermost shell 

to attain stability what 

happens to the charge of 

the residual atom. 

15.Now let us have a look Recognise* 2, 8.7 
at the electron configure- 7 electrons in the 

tion of chlorine. If chlo- outermost shell, 
rine has the atomic no.17, 
what is its electron con¬ 
figuration and how many 
electrons are present in 
its outermost shell? 
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16, Then he asks# i) What See relationship: 

are the ways by which i) acquiring an octet of 

chlorine can get an octet electrons in the outermost 

of electrons? shell by the gain of 1 ele¬ 

ctron or by the loss of 7 
electrons. 

17, ii) Which process is Reason out* gain of an 

easier out of the two? electron is easier* 

18, What would happen to R e cognise: chlorine atom 
the charge of chlorine atom becomes chloride ion ( Cl ) 
after gaining of an elec- Recognises Argon 

tron? Name the inert gas Recognise: sodium burns in 
whose electron configure- the presenoe of chlorl „e 
tlon resembles that of 01. pto auclng whlte fume3 . 
so, sodium atom has a tendency 
to lose an electron and 
chlorine atom has a ten¬ 
dency to gain an electron. 

Let us see what happens 
when sodium is allowed to 
react irth chlorine,Teacher 
introduces hot sodium in a 
gas jar of chlorine and 
ask the pupils to observe. 

19, VJhat could be these Hypothesise: sodium 

fumes ? chloride formation 

20, In the formation of Hypothesise: might have got 

sodium chloride what could converted into ions; sodium 
have happened to sodium losing an electron to become 

and chlorine atoms? Na ion and chlorine gaining 

an electron to become Cl ion 

21, Where from the chlorine Hypothesise: from sodium 

atome gets an electron? atom. 

22, It means,'when sodium 

reacts with chlorine, there Recall* attractive force 
is transfer of electron 
from sodium atom to chlo¬ 
rine atom. As a result 
sodium atom gets converted 
into sodium ion and chlorine 
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atom gets converted into 
chloride ion. Since those 
two ions are oppositely 
charged what type of force 
exist between them"? These 
forces are called elec¬ 
trostatic forces. These 
hold the two oppositely 
charged ions together in 
the molecule of a compound 
and form an electrovalent 
bond and the compound 
in which such bonds exist 
are called electrovalent 
compounds. , 

23. Why is sodium in 
sodium chloride not 
reactive? 

24. Teacher performs 
another experiments Burns 
a piece af magnesium 
ribbon and tells the 
pupil's that -in this process 
magnesium combines with 
oxygen of the air to form 
white powder which is 
magnesium oxide (MgO ), 
Teacher gives pupils an 
exercise to work out the 
formation of MgO. 

25. Prom these examples 
when do you expect an 
electrovalent bond to be 
f armed? 


26, Teacher performs 
another experiment to show 
that sodium chloride solu¬ 
tion conducts electricity 


1 


Reason out: because sodium I 
has attained stability I 
thrbugh an octet of electro|' 


Hypothe sise: ele ctr ova lent | 
bond is formed when an atorj 
with a greater tendency to 
lose an electron reacts wi 1 ; 
an atom with greater affi" ; 
nity for electrons. i 

Hypothesises Due to Na and 
cl ions and carbon tetra- ‘ 
chloride may not have ions , 
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VtfhereSS Carbon t etrachlonde * *' - - C- -'‘J 1 

does not and asks the L'.r.o c.m_ c r: .n chichi-'. 

pupils to explain this fact. 

21 . If so how carbon tetra¬ 
chloride is f ormed/let us 
try t o answer this in the 
next class* 

Assignment s 

1. Find out from the periodic table of elements, 
the groups ,to w hich atoms of various elements 
that form electrovalent bond belong. 

2 . Give some examples of electrovalent compounds 
which you come across in daily life and 
explain their formation. 





STRUCTURE OF ATOM 


D r .H.H.Tripathy, 

R»C.D.,Bhubaneswar 


Introduction 

Chemistry is a branch of science which deals 
with varieties of matter. Dalton's Atomic Theory was 
the first and very important th© ry, which looked as 
if the last word on structure "of matter. According 
to this theory, atoms of one kind behave' differently 
when compared to the others and hence account far the 
difference in their respective properties. For exampl 
sodium is kept in kerosene a nd in fact cannot be 
kept in water whereas phosphorous is preserved under 
water. The difference in the colour of the glow of 
neon signs and fluoroscent tubes is another example. 
Why do atoms of different kind behave differently? 

The answer to this question comes from t he study of 
structure of atom. 

Spme significant discoveries inphysical sciences 
were made towards the end of the last century. These 
were the study of the phenomena of i) discharge of 
electricity through gases, ii) scattering of alpha 
particles by metal foils, iii) radiation emitted by 
atoms, iv) wave-particle dualism, and v) uncertainly 
principle. These milestones in experiment and theory ! 
give us the structure of atom as we understand it [ 
today. Now we list the objectives of teaching structuff| 
of atom at secondary level, 

Objectiv es 

. Pupils are expected to be able to: 

1. List fundamental particles present in. an atom, 

2. 'Differentiate between these particles, 

3. Describe various models of atom and discuss their 
respective validity in relation to the experimental 
observations. 
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4 . interprets spectra in terms of transfer of electron 
from one energy state to another/ 

5. define Heisenberg's uncertainity principle/ 

6. explain the introduction of four quantum numbers 
to def ine t he energy state of an electron in an 
atom, and 

7. draw schematic diagram for the filling up of 
electrons as per their energy levels. 

Fulfilment of thse objectives neeus a good 

comprehension of the related concepts which may be 

shortlisted as follows. 

Concepts 

1. Atoms (and nence the matter) are electrical in 
nature. 

2. Iqke matter electricity is also particulate in 
nature, that is electric discharge takes place in 
discrete units. 

3. Atom is composed of electrons, protons and neutrons. 

4. Arrangement of electrons, protons and neutrons 
in an atoms is explained by a number of models 
such as Thomson and Rutherford models.Out of these 
the latter model is currently accepted as most 
satisfying on the basis of the experimental data. 
According to this model protons and neutrons are 
situated in a very small volume compared to the 
size of the atom and costitute so called the nucleus 
of the atom, and electrons are in motion around the 
nucleus and fill most of the space of the atom. 

Radiant energy 'E' is emitted or absorbed, not 
continuotisly but in discrete units called quanta 
defined by E=h7where ' h' is the famous Planck's 
constant and is the frequency of the radiation. 

. The radiant energy in the form of spectral lines 
is emitted as a consequence of transference of 
electrons from higher energy level to lew er energy 
level. 


6 





7. Electrons (as well as matter) exhibit both wave 6 
particle nature symbolised by the de Broglie 
relationship^* 8 h/p where 1 h* is again the Planck' 
constant, 'p' is the momentum of the particle, anc 
' V * is the wavelength of the wave associated wii 
the particle. 

8. It is impossible to simultaneously (at the same 
time) determine both the oosition and momentum of 
an electron exactly or with equal degree of accu 

9. The region around the nucleus, where there is 
maximum probability of finding the electron is 
called an orbital and the wave function of an el 
tron defines an orbital. 

10. An electron in an atom may be completely 
described by a set of four quantum numbers. 

11. No two electrons in an atom have the same set cf 
all the four quantum numbers (Pauli Exclusion 
Principle) • 

12. Electrons are filled in various orbitals in orde 
of increasing energy. 

The Strategy 

’ Development of the above listed concepts by th 
teacher in the classroom situation is no doubt a 
difficult task as it is difficult to pick up example 
for this topic from t ha environment or from the real 
life. However there are some activities which can be 
carried out in the class with simple ihems/apparatus 
so as to create sufficient motivation among the pupi 
so that they develop certain concepts on atom which 
Mahatma Gandhi compared with 'Atma 1 . One thing is 
certain in this regard that the teacher should have 
sufficient mastery over this concent. Then only he c 
venture to explain these concepts to pupils and achl 
the listed objectives. For this a plan consisting of 
tho following sequential steps is suggested. 





STEP H Recall and test the previous knowledge 
prerequisite f or t he new topic. This forms the founda¬ 
tion of the strategy. 

STEP IIs Introduce the topic, as intimately as possible 
stressing its importance in respect of its application 
in daily life; inviting the experience of the pupils 
and thus taking into account their alternative concepts. 

STEP Ills Develop the concepts inthe sequence listed 
earlier using as far as possible the following approa¬ 
ches, methods and skills. 

Approach - Learner - centered and Logical; 
Methods-Inductive-deductive and Lecture-cum-demonstration 
Skills-Listing of relevant examples and generating 
curiosity. A judicious cobination of approach method 
and skills defines a particular strategy of teaching 
this topic. 

STEP I Vs For a given lesson and also at the end of the 
teaching of this topic all the concepts should be 
summarised by asking questions to the pupils. 

STEP Vs Suitable home assignment should be given to the 
students to practise the acquired knowledge and to 
further enrich it. 

A brief exemplar for the Step III is suggested 
as follows! 

A balloon filled with air when rubbed slowly and 
carefully on a synthetic fibre-shirt and then brought 
near the wall; will be attracted by the wall. Two such 
balloons when suspended with t he help of a thread can be 
seen to repel each other slightly. It is also observed 
that while taking out a terylene or polyester shirt 
from the body the hair of the body point away from the 
body and if we are careful we can hear or inthe darkness 
can even see the sparks passing between the hair and the 
shirt. The plastic comb or for that matter any plastic 
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ofoject when rubbed by another surface, attracts small 
bits of paper. When we comb our dry hair by a comb 
they stand apart due to mutual repulsion. If we take 
mustard seeds on a plastic plate and jus-t rub- tnem geiv 
onthe plate we can see them move violently away from 
each, other. Such observations show that matter is 
electri-Cal in nature, While citing such examples we 
should see that some of the m come from the pupils 
as well. Also if we stick to prototype examples of 
glass and ebonite rods and catskih and silk pupils 
may develop a wrong concept that only these substances 

„ i 

have electrical nature. 

On the basis of above examples and citing the 
study of the electric discharge through gases we shculdj 
try to convince the pupils logically about- the elec¬ 
trical nature of matter and also of the fact that 
atom is electrically neutral but contains very light 
negatively charged particles called electrons. Further| 
it can be said that following three models ecu Id be 
thought o£_to describe the__^tom 

' h) ; ©) 

ifef-'c 


(a) 

positive charge 
at the centre 


negative charge 
at the centre 


- t - 

+ -y 

"(c) 

uniform distri buti| 
of +ve and -ve chail 


At this stage, Rutherford's observations on scattering 
of alpha particles may be recalled as follows; 

i) most of the positively charged alpha particles pass 
through the thin gold foil undeflected, ii) some of the 
are deflected at large angles, and iii) a very few o£ 
them rebound back along their initial path at 180 degre 
Now discussions can be held on each of the three models 
This discussion world lead logically to the following j 
conclusions. 

1) Since most of the alpha particles pass threug 
the foil undeflected, it looks as if the atom is mostly 
empty space. 

2) Since a very few alpha particles are scattered 
threugh very large angles he positively charged part 
of the atom should occupy a very small volume of the 
entire atom. 




3) A deflection through 180 degrees indicates 
that there is an intense electric field inside the atom, 
since a positive charge spread over the whole of atom 
will he incapable of producing such a field so it is 
concluded that the positive charge is concentrated in a 
very small volume at the centre of the atom. This 
central positively charged massive body of the atom is 
known as its nucleus and electrons revolve arcu'nd the 
nucleus in empty space. 

Similar exemplars to develop other concepts 
may be thought of and evolved which in most of the cases 
be based on logical approach and can be .made more 
helpful f or transacting the curriculum In a more meaningful 
manner to the child. 


.. • * i 



ATOMIC WEIGHTS ,^ MOLECULAR 7fEIGHTS AND CONCEPT OF a MOU 


Dr.s.K.Mohapatra, 
R.C.B,/Bhubaneswar . 


CONCEPTS | 

1. Atomic masses and molecular masses are numbers 
expressing relative heaviness of atoms and molecule 
with respect to that of a hydrogen atom (subsequently 
changed to l/12th of a carbon atom) . 

2. Mole is a chemical unit, 

(a) It represents a large number (6.02 x ID 23 ) of 
atom or molecules of the substance, 

(b) The mass a 'mole* of any substance is equal 
to its atomic mass or molecular mass expressed 
in grams. 

t 

(c) A mole of any substance will occupy a volume of 
22.414 liters at STP if it can exist as a gas 
at STP. 

3. A balanced chemical equation represents mole 
relationship of reactants and products, 

4. Molecular formula also represents the mole ratio 
of the elements present in the substance. 

DEVELOPMENT 

1. Mass is the material content while weight is the 
force with which it is attracted towards the 
center of the earth. But both the terms have be® 
used interchangeably and convoy the same meaning 
though strictly speaking they are not same, 

** our most frequent enccunt e r with atoms or mole¬ 
cules is in handling a very large numbers of the 1 
in various substances, we use everyday whoso 
mass we can determine but not the number. Bor 
example we can weigh a small strip of magnesium, 
ribbon quite accurately but we have no way to 
count the number of atoms in the strip. 
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VJe can find the mass or weight of a rice grain 
or a mustard seed as we can see them. Counting 
is also possible. Weighing a single grain or a 
seed might be difficult but weighing 10 or 20 
of them together is possible and then we can 
find the mass of each grain (of course assuming 
all the grains to have identical mass - Dalton 
suggested all atoms and molecules of any 
substance lave identical mass). 

When we do not have any standard weights as lgr. 
500 mg, 200 mg weight with us, we still can 
compare the mass of a rice grain with that of a 
mustard seed, Wg will find out how many grains 
of rice exac^tly balance 10 or 20 mustard seeds 
i.e. we can talk of relative heaviness as one 
grafn of rice is twice/thrice as heavy as one 
grain of mustard seed. 

So also, when we are dealing w it’n very very small 
particles which we can not s ee with our naked 
eye, and counting is unimaginable we can still 
think of their relative mass and relative 
heaviness. 

Therefore, Atomic wt or molecular weight was 
defined" as how many times an atom or a molecule 
is heavier than one atom of hydrogen the Tightest 
element known to us i.e. 


wt of one a tom of the ele ment 
atomic weight or mass * wt""of one litom of the hydrogen 

wt of one molecule of su bstance 
Molecular weight = wt"of one'etom of hydrogen 

Assuming equal volumes of ali gases under 
similar conditions of temperature and pressure 
contain equal number of molecules on>- can 


def in 


e, 


wt ; of a 

Relative density = wt o£ SQme volume of another gas 
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Experi tents show ? 

One litre of hydrogen weigh 0.089 gm(*) NotesWelght of a 

One litre of chlorine weigh 0.*16 gm certain volume 

of hydrogen can 

One litre of oxygen weigh 1.428 gm not be deter- 

°ne litre of CO weigh 1.968 gm tnin©d by this 

2 s = method. 

All measurements made at STP. 

( Collect the data of your students and tell them about 
limitations and uncortainity in measurements for th; 
deviations) . 


Relative density 


fffc-fl£ one, molecule of tfro _<g 
wt of one molecule of hydrogen 


Assuming hydrogen# oxygon and chlorine molecules 
to bo diatomic 


» 1/2 x Sfc-ffiE . one molecule of the nas 
wt of one atom of hydrogen 


— 1/2 x molecular weight 
or Molecular weight = 2 x RD 

Thus Rj for 0 2 = - Q 0 g « 16. i. t:. relative heaviness=l 

and. molecular weight - 3 

For Cl a = 3 j o’s'9 = 35 * 5 and molecular 

Weight = 32 and molecular weight *» 71 

in case of elements R.D,« ^ ,.. 9 .£ -Q ng —a fc a nu of.. j Jaatj&lgmsn 

wt of one atom of Hydrogen 

= atomic wt. 

Let us go back and hovu a look at our- data, 
following the arguments given above we can say 

Weight of one molecule of CO w 


Weight of one molecule of CO = w- 

2 3 

This gives the relative heaviness of carbondioxide 
with respuct to oxygen. 

W c can also state 


. W 4 


Wt. of one molecule of C0 2 /wt of one atom 

Wt * °f~°ne molecule - of 0 2 /W? f of^^^Itom ’ "w 
Me .ocular w eight of co 2 f^y^togen 
Molecular weight - of o = - 
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Now if we take the molecular weight of oxygen w 
to be 32/ the molecular weight of Co^ = 32 X = 44 

lt CONCEPT OF HOLE S 

The relative atomic or molecular maSs so 
determined do not tell us how many atoms or molecules 
are present in one gram of hydrogen or 16 grams of 
oxygen i.c. atomic wtS/ and molecular wts do not tell 
us the exact .mass of an atom or ,a molecule. It only 
tolls us about their relative mass. 

Chemistry is a quantitative science and chemist 
is interested to know the number of atoms or molecules 
or ions in given weights of the substances which 
combine so that he can know how many atoms or 
molecules of one combines with how many atoms or 
molecules of another this is necessary in order to 
arrive at the molecular formula or give the balanced 
equation. Such equations enable him tofind out one 
gram of an element* A will combine with how many 
grams of B and how many grams of AB will be formed 
or if he takes 10 grams of carbon and 10 grams of 
0 2 'and allow them to react how many grams of carbon 
dioxide will b e formed and how many grams of carbon 
or oxygen will be left behind unreacted. 

L5. This necessitated to use a unit which is based, on 
measurement of masses of a fixed number of atoms or 
molocules or ions of any substance i.e. a unit for 
expressing the masses of a fixed number of atoms ar 
molocules. This chemical unit is known a s a mole - 
like a dozen of banana or a gross of test-tubes. 

In the beginning it was agreed upon that the number 
of molecules present in 32 grams of oxygen has 
that fixed number of molecules. They did not know 
how oig or small is that number. k a ter on found 
it was found to be 6.02 x 10 23 and called A^ogadros 
number• 
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16. Since one liter© of hydrogen weighs .08$ gm and one 
litre of oxygen weighs 1.428 grams and equal volune 
of all gases have the same number of molecules/ 
0.089 gms of hydrogen has the same number of 
molecules as 1.428 grams of'oxygon or 2 grams of 
hydrogen has the same number of molecules 

" X ~~~ ~ 32 of oxygen ( i.e. 6.02 x lo 2 

molecules) . In otherwords molecular wts of differen 

substances expressed in’ grams represent one mole 

of them* Since atomic wts and molecular wts are 

related to each other by simple multiples in case 

of elements ( excepting the rare gases ) atomic wts 

expressed in grams represent 1 mole of atoms of 

the substance i.e. 6.02 x 10 atoms of the 

substance. & or example molecular wt, of 0 o « 32 

"z3 

80.32 grams of oxygen stands for 6.02 x 10 

23 

molecules or 2 x 6.02 x 10 atoms. Therefore the 

23 

weight of 6.02 x 10 atoms oxygen would be 16 gran 
cr one mole of oxygen atoms = 16 grams i.e. its 
atomic wt. expressed in grams. 

Therefore mass of a Molegular wt of the 

molecule of a substance » s ubstance in grams 

6.02 x 10 23 


Mass of an atom of 
an element 


6.02 x 10 23 


Atomic mass of hydrogen = — = 1.66x1 o' -24 ? 

6.02 x 10 2 

= 1 atomic mass unit (a.m.u.) 

Number of moles in a 

given wt of any . . , . „ 

substance - - Weight ^£JfehG^aiifaai^aca-JUU 

molecular wt in gm 

- H 

M 

17. Again one litre of hydrogen weighs 0*089 gms 

therefore 2 grams of Hj will occupy a volum© 2/0.83 
— 22.4 litres/ so also 32 grams of 0 ^ 44 gms of ^ 
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will occupy 2 2.4 litres at 0°C and one atmospheric 
pressure. Therefore, one mole af any gas 
occupies 2 2.4 litres at STP. This volume is called 
molar volume. Therefore if ©■ know the volume of 
any gas at STP or at any other temp, and pressure 
we can calculate the number of moles of the gas 
present and honce the number of molecules present 
and the mass of that volume of gas. 

22.4 Utros^-2££HEiSS__ mo1 ® -£2a£2&JS-»6.02xi0 23 

of any substance atoms,mo¬ 
lecules or 
ions 

Weighs 

atomic or molecular weight 
expressed in grams. 




CARBON AND ITS COMPOUNDS 


Dr. (Mrs) Jyotshna Moha 

R,C«E»/ Bhubaneswar 

Many organic compounds like alcohol, sugar, 
fat, soap and vinegar^ indigo, starch were known to 
prehistoric people. In 18th Century organic compounds 
were established from natural sources. 

Scientist scheela obtained tartaric acid. Citric 
acid from grapes and apples; Lactic acid was obtained 
from sour milk. Some other scientists also produced 
oxalic acid by oxidation of sugar with HNo 3 and glycer 
from animal fats. Urea was obtained from urine and 
alkaloid morphic from opium. 

Bqnzelus was the scientist who named these 
substances ^.eriVed from living organisms as organic 
compounds or compounds of carbon. It was thought of J 

t K fvf 

that time organic compounds cannot be synthesised 
isv the labpratory from inanimate things. Some vital 
force is required to obtain'these from living sources. 

Wohles accidentally, obtained urea from boilinc 

of solution of Ammonium cyanate which is a typical 

inorganic compound. 

HO 0 

^ 2 U 11 

NH 4 CNO _NH 2 - 0 X - NH 2 Urea 

Aft er this a number of compounds could be 
synthesised i/s the laboratory from different elements* 

Carbon and its compounds occupy a special 
position in Chemistry due to the following points. 

(1) Carbon and its compounds form a large 
number of compounds around 4’ million compared to 
50,000 is inorganic compounds. 

(2) They are built of relatively few elements 
C, ri, O, N, S, P and halogens.* 

(3) They are classified according to the 
functional grs. Functional grs. are-groups of atoms 
which are active and its chemical behaviour is 
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determined by it* That -OH/ -CHO/ -WcH, - nh 2 which 
are known as hydroxyl, aldehyde, carbonyl and amino grs. 

(4) These'compounds form covalent bonds. They 
are generally coloured compounds. This reactions are 
slow. They have low b.p. and m.p. 

Carbon belongs to Gr-IV of the periodic table, 
other members being Silcon, Germanium, Tin and Load. 

It has four electrons in the outer most shell. 

I n nature pure carbon occurs in two firms 
diamond and graphite. One is a bright shining crystal 
type other is a dark; and dull type. But both when 

y\ ^ 

bur^t produce equal quantity of Co 2 leaving no other 
residue. This shows they are identical and consist 
of only carbon atoms. That means both diamond and 
graphite are same in their chemical properties but 
they differ in physical properties. This property of 
carbon is called allotriipu/# of carbon. In both the 
cases the arrangements or carbon atoms are different. 

In diamond the shape is tetrahedral. The atoms are 
tightly pack; ed^covalently bonded. 

It is one of the hardest substance known. M.P. 
of diamond is 3500 °C . Light rays passing through it 
shapes bend. It has a high refraction order# 

Graphite on the other hand the carbon atoms are 
arranged in a layer form of heragonal networks. The 
atoms are not tightly packed. They are separated by 
large distance. The 4th valence electron here is free. 
Ths layers slide over one anotlaer. Graphite is good 
conductor of electricity. It is a soft and grey in 
appearance. The M.P* of graphite is very high but 
it is very soft. The most interesting thing is when 
graphite is heated under high pressure in presence 
of catalysts changes to diamond. So from a dull 
substance we can get a shining bright substance. 

(5) The most important property of carbon is 
that it undergoes ’Catenation'* This is why carbon 
is unique among the elements. I*- s a toms possess the 
wonderful capacity to unite with each other by means 
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of stable covalent bonds. C a rbon atoms ’join each to 
each in straight chains, branched chains or rings 
of ane sizes form a large number of simple as well as 
complex molecules. This self linking property of carbon 
is known as Cateralion. This property is responsible 
for the formation of such a large variety and large 
number of organic compounds ■ 



(6) These compounds exhibit Isomersm . 

They give rise to' a variety of spatial arrangements 
of atoms is organic molecules* 

(7) The majority of organic compounds are 
insoluble in water but they readily dissolve in 
non-polar solvents like benzene chloroform, and ether. 
However the organic compounds containing polar yrs. 

e.g. - Oh, *tCOOH, - S0 3 H are soluble in water. 
The inorganic compounds on the contrary are readily 
soluble in water and insoluble in organic solvents. 

(8) Organic compounds are non-conductor of 
electricity. 

(9) Organic compounds are volatile and possess 
low M.P• and B.p, 

(10) Organic compounds are combustible. They 
readily burn in stream of oxygen, leaving no residue, 
in contrast inorganic compounds are generally in¬ 
combustible. 

(H) Organic reactions being moleculars are slow 
and reversible. They often require heat and a catalyst 
for good yield. 

Sources of Organic Compounds 

Organic compounds as mentioned are obtained 
from natural sources and are also prepared by synthesis 
in the laboratory. The natural sources of these 
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substances are either from plant or animal kingdom. 

Plantss- Sugars, Starches, C e i!Lii!Lose, Citric acid, 

Oralis acid, Tartars acid, indigo, oils. 

Vitamins etc. 

Animals;-Pats, Proteins, Urea, Uric acid. Vitamins, 
Harmones etc. 

Wood distillations- Acetin acid, methyl, alcohol and 

acetone. 

Coal-tar distillation;-" Benzene, toluese napthalene, 

carbolic acid, Cresols, Pyridine, 
Dyes, perfumes drugs etc. 

Natural gas and Petroleum distillations- Alkanes and 

their derivatives such as 
methyl chloride. Chloroform, 
methyl alcohol. Ethyl alcohol, 

chloride, benzene, toluene. 

Fermentation P r ocesss- Ethyl alcohol, acryl alcohol, 

acetic acid etc. 

About 40 years back the main sources of organic 
compounds were the processes of fermentation and wood 
distillation, where fewer compounds were derived from 
coal and petroleum. With the recent development of 
petrochemical industry and low temperature cokes techniques 
of coal, the number of organic compounds derived from 
petroleum and c oal is far greater than from any other 
natural sources. 

Although the fermentation processes are still 
in use, wood distillation is not of use. V a st majority 
of organic compounds are obtained by synthetic methods. 

Organic compounds are devided into two main 
branches Acyctin or open chain and cyctin or 
Cyclic or ring srj. are organic divided into 
carbocyclic and heterocyclic . Carbocyclic compounds oJ- ^ 
again divided into A licyclicand Aromatic, 
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Carbon combines with hydrogen to r orm a number 

of compounds known as Hydrocarbons. Hydrocarbons are 

classified into three types. Alkanes, Alkenes and 

Alkynes. Alkanes have a general formula C 

and Alkenes C and alkynes C H„ This 

n 2n n 2 n—2 

preparation and chemical properties are different. 
Alkanes being saturated compounds are not so active 
and they react only under drastic condition. Alkanes 
and Alkynes are unsaturated compounds so they give a 
number of additional products. In the case of Alkynes 
the addition takes place twice as they are triple 
bonded molecules. 



TEACHING OF CIRCULAR MOTION 

Mrs.M.Mohapatra, 

RCE,Bhubaneswar 

In nature bodies exhibit a remarkable tendency 
to travel in circular/curved paths. Planets revolve 
around the Sun, moon revolves around the earth in 
nearly circular orbits, and the electron revolves 
around the nucleus in atomic dimensions. Thus the 
concept of circular motion is very important to 
understand certain basic laws of nature* 

From our point of view we restrict ourselves' 
to uniform circular motion i.e. the motion executed 
by a body travelling in a circular Path or a circle 
at a constant speed* In such type of motion though 
the speed of the body hoc. the name numerical value 
all the time, the dirt,*-'on ox the oody's motion .change^ 

_ ( l 

constantly* A body execui-j nn .circular motion is acted 
* ' ‘ * 
upon by ay.inward force c a l]ed "Centripetal Force", 

literally which means '’Force moving towards the center . 

When a body executing circular motion is released 

from the effect of centripetal force. It will fly off 

tangent to its original circular path* T he centripetc. j. 

force *S» which act on a body executing circular 

motion is expressed as 



* Wh^re, 

” m 1 - • Mass’ of the bod-y<- 

t Constant speed with which the 
body is moving 

r - Radius of ,the circular path* 


(54) 


To introduce the above concepts to the secondary 
school' pupils let ns take a mass i«ei small piece- of 
sto n e or a hard rubber ball of sm a ll £ize and attach 
it to a string and whirl the mass by holding the other 
end of the string. Whirl it for some time so that the 
mass attains a constant speed* If the string is 
released the stone flies off tqngent to its original 
circular path. This simple arrangement can b e taken 
to the play ground to have the following experiments 
and observationsfc 

Activity No.l t 

To know approximately the speed 1 \y* of the 
mass attached to the string executing uniform circular 
motion. 

- Measure the length (1) of the string by using 
a scale. 

- Whirled- the mass and when the stone attains 

constant speed start counting by using a watch, 
how many times you are rotating your hand per 
minute* Divide the number of rotation per 
minute by 60 to get the number of rotations 
per second, to get say 'n 1 • 

- Distance covered by the stohe per revolution 

= 2 TT x length of the strihg = 2 1 . H e nce 

distance travelled per second s® 1 n i.e 

length of the loop x Number of revolutions 
per sec. 

- Speed of t he s-tone 

_ Distance travelle d 
Time 

= — - n -~ - 2 rr 1 n CM/sec. 

•I 1 second 

Her e it is assumed that the stone is executing uniforn 
circular motion under a constant centripetal force* 

Activity No.2 ; 

To draw a gr^ph between the number of 
revolutions per second 'n 1 and the distance travelled 
by the stone when it is released. 
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.. Whril the stonfi and count the number of 
revolution per second i.e. 'P*. 

- Release the string from hand# the stone will 
fly tangential to the circular path and measure 
the horiaontal distance (d) the stone wil) travel 
i.e the distance between the foot of the person 
performing the experiment and the point where 

it will touch the ground, 

- Go on -increasing the number of revolutions per 
second and measure the corresponding distance 
(d) after releasing it. Draw the graph between 

and 1 d‘ • 


Activity No»3 i 


To calculate the centripetal acceleration 


by using the formula 


a. 


Br ii- 


where# = ' Velocity of the mass 

' r a 1 = length of the string 


Find out jjh- as described under activity No,l 
the length of the string which is also known 
it with the help of a scale* H^nce amorrg- tne 
a c can b e calculated. 


and 1 is 
by measuring 
formula 



To calculate the centripetal force by using the 


formula 



Where m = Mass of the stone or the ball* 

- Approximate mass of the stone can be determine 
by using a spring balanc e (or) by using a beam 
balance available In grocery shope. 

- - = a can be found out by using activity 

r c 

Wo. 3. 

- T a k e the product of m M c to find P c * 

The activities described above give the necessary 
concepts of circular motion by using the available 
materials in a rural life situation. 



EXEMPLAR NQ.l 


Name of the Topic 

Level 

Drafted by 


Composition of Air 
Class X 

Group Coordinators! Dr.Sura Prasadp 
and Shri Madhusudan Mohanty, and 
Group members! Shri Udaynath Sahu, 
Shri Binod Chandra Patnaik# and 
S r i Purna Chandra Rath. 


Introduction 

Air exists all around us • It is essential for 
all living things for the process of respiration. It 
also' helps to‘bring -about the climatic changes on eart' 
It not only helps burning but also controls it because 
of the presence of nitrogen.- -The blanket of air arcund 
the earth also protects its inhabitants from high 
intensity ultra-violet radiation# provides the winged 
creatures on earth -a- medium to migrate from one place t 
another, and supports the modern day air travel. 
Teaching of any topic related to air presents us with c 
wide range of teaching skills. W e are illustrating this 
for the concepts related to the topic 'Composition of 
Air' . 

C oncepts 

1. Air is present everywhere. 

2. Air is in the gaseous state. 

3. Air is a mixture c£ some known gases. 

4. Air contains about 20% oxygen a nd 
80%'nitrogen. 

Before we discuss the teaching strategy for the&« 
concepts, it is worth while to guess what can be the 
alternative concepts pupils may be carrying. We can 
think of the following! 

i) Air exists only in inflated balloons and a iso 
there where we feel its mot r ion. 

ii) Air is same as oxygen •- 
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Testi ng Previous Kncwledqe/Alternatlve Conce ptss 

Pupils may be allowed to sit in the room fear 
gome time without switching on the fan. They may be asked 
as to now they are feeling. They may feel hot or cold 
depending on the weather* Then the fan can be switched 
on and pupils asked to describe their feeling. They 
may say it is more pleasant or more cold depending 

i 

on the climate of the day* If we ask 'them then wteit 
is the reason for this they are sure to say that the 
cause is the air that they feel blowing on their body. - 
Similar activity can be arranged with the balloons. 

Pupils will f ind no difficulty in recognising that 
air fills the inflated balloon. But if we ask the 
same pupils to name the things in a room where there 
is no obvious air current/ or for that matter the 
things inside a box or a bag/ they will mention 
everything else but air. It ?rould be interesting 
to study the reason for this. Two reasons come to our 
mind immediately, i) They do hot consider the presence 
of air worth mentioning/ or ii) Then Air exists only 
when it is blowing. The second alternative concept is 
about the composition of air a nd can be brought forth 
by following sequential questioning* i) which gas helps 
burning? Ans. - Oxygen, ii) Why does charcoal burn in 
air? Ans.-Air helps burning. What relation does oxygen 
have with air? Ans.-Air and oxygen are the same thing. 


We are giving this section in tabular form under 
the heads* Activity/ Observation/ and Inference followed 
by the relevant questions to be asked to the pupils 
along with expected answers. 


Activity 1 
Ask a pupil to 
immerse an empty 
bottle in a bucket 
filled with water. 


observation Inference 

Bubbles come out There was 
of the bottle and something inside 
watejr gradually the bottle and 
enters in the it is displaced 

bottle. 


to accomodate 
water. 




(58) 


Follow up questionss 

1. What is the state ‘Of the thing in the bottle ? 
Ans.- gaseous. 

2. When we inhale what is the state of the substance | 

we take in? 

Ans. - gaseous. 

3. Do we inhale a ir at certain places only like home, 
ground or park or everywhere? 

Ans. - everywhere. 

4. A polished iron nail is kept in open for some days, 
What change do you expect to find, the nail gets 
rusted.• 

5. How does the nail feel to our fingers (rough or 
smooth)? 

Ans.- rough 

6. What is the colour of the rust? 

Ans•- brown. ' 

7. V7hat is the composition of rust ? 

Ans.- iron oxide. 

8. Where does the oxygen come from, ? 

*■ » 

Ans.- from air. 


Ac tivity 2 
T a ke lime water 
in a beaker and 
allow it to 
stand for some 
time. 


Observation 
A thin layer of 
white material 
gets formed on 
the surface of 
lime water. 


Inference 
This is due to 
the presence c£ 
carb on -di- oxide. 


Follow - up questions 

1. Where does the carbon-di-oxide come from? 

And.-Air. 

Wg could net think f or an activity for inferring 
the presence of nitrogen in air. Instead we augg< 
the following questions to be put to the pupils* 




jL) What is the important element f ouhd in proteins? 

Ans.-- Nitrogen. % 

ii) What type of salts do^s the plant.need in its soil 
to produce the proteins? 

Ans.-Nitrogeneous salts. 

ili)How are these salts formed in t he soil? 

Ans.~ combination of nitrogen/ oxygon a nd water 

present in air during the lightening discharge. 


Activity 3 

Take a glass and 
fill it with ice 
or cold water. 


Obs ervation 

Small water 
droplets are 
formed on the 
outer surface 
of the glass. 


Inference 
This is d ue to the 
presence of water 
vapour present in 
the air. 


Follow-up questions! 

1. Name the sources from which water present in the 
air comes from . 

Ans .-Evaporation of water from lakes, rivers, seas, 
wet cloth os/ body perspiraiibon and steam from 
factories and engines» 


2. Whore from the dew—drops are formed in the morning 
specially in winter? 

A ns.- from air. 


3. What are the clouds made up of? 
Ans.-Water vapour. 


Activity 4 
Close the doors 
and windows of a 
a room to make 
it dark .Make a 
small hole at a 
proper place to 
allow the direct 
sun rays into .-the 
room. 


Observation 
Small particles 
are found floating 
along the path of 
light. 


Inference 
Tiny dust 
particles are 
present in 
air. 


! 
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Follow-up questions! 

!. Give other observations indicating the presence o£ 
dust particles in air. 


A ctivity _5 

Take s ome water 
in. a trough .Keep 
it on a table. 

Float a small 
plate fitted within 
a burning candle. 
Cover the candle 
with a graduated, 
bell jar. 


Observation 

I nference 

Gradually water 

As candle burns 

rises in the bell 

oxygen is spent 

jar. Candle burns 

produce carbon- 

more and more 

oxide and water 

slowly. When the 

vapour which oe 

candle extinguishes 

dissolved in tt 

water level stops 

water and the 

rising. 

water rises in 

the bell jar t 

■ 

fill up the 


partial vacuum 

createddae to 

consumption of 

oxygen. 


Follow-up questions; 

1. What fraction of the total column of air earlier 
present in the bell jar, has the water level risen 1 

«ns»- approximately one fifth. 

2. What can you say about the percentage of oxygen prei 
in the air? 

Ans.- approximately 20%. 

Activities for Pupils ; 

1. Make a list of other gases likely to be present in 
air* taking into consideration burning of cow-dung 
and other fuels, emission from factories, volcanic 
erruption, decomposition of dead bodies, and so on* 

2. Although air as well as water vapour are transparent 
and colourless, why does fog create poor visibility' 




wn tfi on related higher knowledge 

1. Simpler activities may be thought of to establish 
the presence of nitrogen in air, 

\ 

2, Convincing activities or reasoning may be provided 
in support of the percentage of different 
constituents of air especial ly nitrogen. 

Conclusion 

. u 

We have tried in this write-upfe^ spell out 
in detail tne activities/ the follow-up questions/ 
the developmental questions/ which can help a teacher 
in teaching this unit on composition of air. We have 
also included some explorative and thought-provoking 
questions as assignment for the pupils. Lastly we have 
stated what higher knowledge teacher should have in 
relation to this unit. 
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E XEMPLAR no.2 


Wave motion. 

Class IX 

Group CoordinatorssDr.Sura 
Prasad Pati and Sri Madhusudan 
MohantYi and Group members? 
Shri Udaynath Sahu # 

Shj-j. Binod Chandra Patnaik, 
and Shri Purna Chandra R a th 


The concept c£ wave is very fundamental to 
physics, the basic science of everything around us. 

W e are all over surrounded by light waves coming from 
the sun in the day time and are a Iso constantly 
bombarded by the radio and T.V. transmission waves 
which we neither see nor feel unless we switch on our 
T.V. or Radio sets to entertain ourselves with the 
audio-visual signals emitted by them which in turn 
are also longitudinal waves in air (audio) , or light 
waves (visual) emitted from the T.V. screen. Teaching 
of such an important topic involves mostly environmental 
and logical approach and the skills of giving examples 
and asking questions. In what follows we are spelling 
out the details with reference to the following concepts 


Name of the Topic 
Level 

Drafted by 


Introduction 


Con c ep ts 

1. Waves transmit energy. 

2. Waves are of two types? Mechanical and 
Electro-magnetic. 

3. Unlike Mechanical waves electromagnetic waves 
do not need material medium for their 
propogation. 

4. In wave motion disturbance travels without 
the movement of the medium as a whole. 


Previous Knpw ledcs/Alt ernat-i ve conc epts 

Pupils are aware of periodic changes occuring 
around them. These ares i) circular wavelike patterns 
produced on the surface of water when its calm is 
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disturbed by dropping a small stone or by some other 

means/ ii) Undulations of paddy crops in' a-, gentle wind, 

£ 

iii) sea water washing the shore and receding alter¬ 
nately/ iv) swinging of pendulum, iv) phases of moon, 
v) seasonal changes and so on* Pupils may think that 
all these are examples of waves. But they are not. 

30 this aspect can be tested by asking suitable 
questions and then giving an explanati on somewhat like 
this. 

Although periodic changes with time at any place 
is the essential characteristic of a wave motion it is 
not .sufficient * We call those phenomena under wave 
motion wherein periodic changes occur at different 
places in a medium or in space in a sequential manner 
without actual movement of the medium. 


Presentati on 

W e are giving this section in tabular form 
under the headss Activity/ Observation/ and Inference 
followed by the relevant questions to be asked to the 
pupils along with expected answers. 


Act ivity 1 

T’pke a long and 
soft spring(s 
and fix it at one 
end stretch it on 
along a table or 
on floor, and give 
it a rapid jerk. 


Obse rvat ion 

The pulse moves 
from one end to 
the other 2-3 
times and 
finally dies. 


Inference 

The disturbance 
created at one 
point moved to 
other points on 
the spring. J 


Pol low-up questions s 

i* When the pulse moved from one point to the othe* - 
did the material of the spring move from one point 
to the other? 

i 

AnsNo 

2. Does the pulse have energy and of what type? 

Ans»- Yes, kinetic as well as potential. 




I inference 


Ac tivity 2 

Strike a tuning 
fork on rubber pad 


Observation 

A sound is heard 
and vibrations of 
the fork can be 
fait on touching 
it. 


Particles of the 
tuning fork 
vibrate when it 
makes sound. 


Follow-up questions! 

1. Is the wave generated on the tuning fork? 
Ans, -Y es . 


2. Which part of the tuning fork vibrates most? 
Ans.-Tip. 

3. When sound is created* what vibrates in air? 
Ans.- Air molecules. 


Activity 3 

Take a half filled 
tray or any utensil 
with broad mouth. 
Disturb its surface 
gently by adding a 
drop of water or 
any tiny thing to it. 


Observation 

A circular wave 
pattern made of 
elevation(crest) 
and depression 
(trough) can be 
seen. 


Inference I 

Any disturbance i 
the medium at anj 
place produces a 
pattern of 
disturbance at 
other places in 
the medium. 


Follow-up questions! 

1. Looking at the pattern produced onthe water surface 
sf what can you say about the displacemoi t of the 
water particles from their respective mean positions.' 
Ans.- The displacement changes in a periodic fashion 

. as one moves away from the centre of the pattei 

2. Looking at any ope point on the pattern how does the 
displacement of water particles at t hat point change 
with time? 

Ans.- The displacement changes sinusoidally* 

3* If we float some tiny pi^ce of wood on the water 
surface carrying the pattern of waves* does tine 
piece move in the direction of propagation of the 
vaAze? Ans.- No 
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4 . What can you conclude from this observation that • 
the floating wooden piece does not move in the 
direction of the propagation of the wave? 

Ans»“ can conclude that the medium does not move 
in the same manner as the disturbance moves 
from one place to another. 

To impress upon the pupils the existence of some 
kind of waves all arcund us, their experience can be 
recalled with the help of the following questions s 

1 . When you watch the TV whet do you enjoy? 

Ans.~ Picture and sound. 

2. What are the waves which create the sensation of 
light and s ound in our brain? 

Ans.- Light and sound waves. 

' ( if the pupils fail to give this response teacher 

can explain that the light waves are nothing but the 
undulations c£ electric and magnetic fields with the 
help of diagram and also that the sound waves are the 
to and fro vibrations of air particles again with 
diagrams of compressions and rarefaertions? he shai Id 
also impress upon thorn that both these waves are 
themselves invisible but are in no way different from 
the mechanical 'waves on the string as far as the 
characteristics of wave motion, namely, the periodicity 
in space, the periodicity in time and the movement 
of the disturbance is concerned.) 

3. Wnat does the antenna of the TV do? 

Ans.- Collect the electromagnetic waves incident 
on it in an efficjait manner. 

Wherefrom these waves cone ? 

t 

Ans,- Prom t he nearby T.V. tower. 

5. Where from does the TV transmitter goet the waves? 
Ans.- ^rom the satellite. 

6. What medium does exist between the satellite and 
the earth ? 

■Ang.- no medium. 





(Some pupils may respond that air exists between the 
satellite and the earth so they should be explained th 
the atmosphere of the earth extends only up to a few 
kilometers but the satellite is at a distance of 
36000 kilometers away from the earth.) 

7. What can you conclude from this observations that 
the electromagnetic waves from the satellite 
as well as light from sun reaches us? 

Ans. - Electromagnetic waves do not require any 
medium for their propagation* 

A ssignme n t for Pupils 

1. On thedial of your radio/transistor set note down 
the numbers given as kHz or MHz and meters at the 
same setting of the tuning switch. Remember to 
read the approprja te line corresponding to the 
setting of the band switch (SW/MW) . Multiply them 
together and see what do you get. Discuss with 
yiur friends and with your teacher. 

2. Take a rectangular tray. Fill it with water to 
aboit one tnird of its capacity. Hold its longer 
side firmly and raise it a bit and then leave it. 
Observe the surface of water in the tray. You will 
see an elevation of water level moving look and 
forth on the surface. See whethe r water actually 
move with it by putting some tiny wooden pieces 
on the surface of water. 

* 

Note onRelatad Higher Knew ledq e 

The teacher should know the difference between 
a plane anc' spherical v/ave and also understand the 
reflection refraction and diffraction, of waves because 

L-hese phenomena are present in the environment of the 
pupils. 



mn elusion 

We have tried in this write-up to spell out 
in detail the activities/ the follow-up questions, 
and the developmental questions, which can help a 
teacher in recalling the experiace of the pupils 
for teaching some concepts related to the unit on - 
Wave Motion. W e have also included Some explorative 
and thought-provoking activities as assignment for 
the pupils. Lastly we have stated what higher 
knowledge teacher shcu Id have in relati on to this 
unit. 



EXE MPLAR N0.J3 

Name Of the Topic*- Other Sour aes of En e rgy 
Level *— C lss s - X 

Drafted by !- Group Coordinators s Dr. sura p rasa(} 

pati and Sh r i Madhusudan Moha n t 7 
and Group members: Sh r i Udaynathsa 
s hri Binod Chandra Patanaik, and 
1 ^hri p urna Chandra JRath. 

intr oduction 

Energy is one of the most important component 
of production and therefore influences our economy to 
a great extent. Rapid rise in population* industria¬ 
lisation, adoption of modern farming techniques and 
increasing mechanisation demand enormous quantities 
of energy. Conventional energy sources such as fossil 
fuel reserves are fast diminishing because of their 
utilisation at a faster rate compared to pre-industria 
times. S Q essential to look for other sources of 

energy..These are called the fconconventional sources. 
The teaching of this topic important as it is also 
illustrates the use of pupils' experience in teaching 
and makes them sensitive towards the conservation of 
energy. 

Concepts 

1. Significance of other sources of energy* 

2. Conversion of wind energy in to useful form* 

3. Wind-mills j_ n Orissa. 

4. Use of Hydro-electricity- 

5. Conditions for harnessing tidal energy* 

6. Feasibility of tidal energy in India. 

Pre ^ £a^Knowle^ .concepts 

Pupils know that some kind of energy either 
^ a ’*’ ° r c ’nemical in the form of fuels like 
rewood, kerosene, diesel, petroleum gas and petrol 

neede * for enjoying the modern amenities. 
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Some of them may think that there heed not be any 
problem regarding energy because they have learnt 
that energy is faeither created nor distroyed. So we 
should impress upon the>_children that energy may exist 
for ever but it may not exist in a form which can b e 
used to move things and also produce heat. The situa¬ 
tion can be explored by asking following questions? 

1. What does a fan or air cooler do? 

Ans s - Cools our body and protects it from 
' summer's heat. 

2. What makes the fan move’ ? 

Anss- Electrical energy. 

I 

3. Why do we take food? 

Anss- Because we feel hungry. 

4. Yes, but is it related with energy requirement 

of our body? 

Anss- Yes Sir# - our biology teacher has told 
us that we need energy to carry on the 
processes in our body. 

5. Bo we also use energy for cooking our food ? 

Anss- Yes. 

6. Name the sources from which w e get this 

energy. 

Anss— Kerosene, gas, fire-wood, and 
electricity. 


Presentation 

We are giving here the questions which can be 
asked to the pupils to bring out their experiences 
regarding the topic. We ar^also giving examples and 
explaining certain difficult ideas. 


Developmental questions? 


-*■ * At present the fuel for cooking is 


i) Cheap and easily available, 
ii) Expensive but e&si,ly_available. 
lit) Very expensive but available or 
iv) expensive yet "not aIways- available. 
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2. The pupils may be asked to recall the knowledge 
learnt in earlier classes regarding the formation of 
petroleum under the crust of the earth and also regar¬ 
ding its composition: What are tne known oils we get 
from petroleum? 

Previous knowledge recall-petroleum is f ormed from the 
remains of plants and animals buried under the earth 
through natural geological processes occurring over 
thousands of years. 

Anss- Kerosene diesel and petrol* 

3. Why is kerosene sold in government controlled slips? 

A 

Anss — Because the supply of kerosene is insufficient 
to check the possible black marketing and f or equitable 
distribution. 

4. If petroleum reserves under earth get exhausted 
what situation do you imagine will occur ? 

A ns:- Acute energy crisis will occur. 

5. When fores.t cover is further distroved or t he 

„ , / 

government puts a total ban on felling of tree what 

t 

will happen ? 

Anss- No fire wood can be had. i 

6. What then do you think is expected of scientists ? 
Anss- To. solve this energy crisis. 

7. iow do scientists think they c an solve this problem? 
Anss- By discovering other sources of energy. 

0. What helps inthe flying of kite ? 

Ans:- The wind. 

9. How does a weather—balloon move in air? 

Ans:- because of *lndi 

10. d Q w does the hand-pump operate? 

^nss- Due to the muscle power of hand. 

11. If the handle is connected by some mechanical 
device which, in turn is operated by wind will' the 
hand-pump not work ? 


AUs:- Yes 
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The teacher then states that such a mechanical device 
j. s called a wind mill. He may also tdc e the pupils to a 
near by science park where the model of a wind mill is 
kept. If pupils have already seen such a wnd/mill, 
their experience can be recalled. ^ 

12. How do some shop-owners switch on their electric 
lights even during the load shedding? 

Anss- They use an electric generator. 

13. What fuel is used to run the generator ? 

Ansi- Diesel. 

The teacher then explains that a wind mill can also be 
used to run a generator a nd produce electricity. 

14. In which places in Orissa do wc have wind mills? 
Anss~ Puri/ Gopalpur and Konark. 

15. why d o we have wind mills at these places only? 

Ang2 — On the sea shore thew ind speed is high and 
the wind is continuous. 

16. Why does electricity come from Hirakud Duduma/ 
Machkund a nd Indravati? 

Anss- There are big dams at these places which 
produce electricity. 

17. Describe the energy transformation taking place 

at the site of the dams generating hydroelectricity. 

Anss- Potent? al energy of water gets converted into 
kinetic energy which generates the mechanical 
' energy of the turbine connected with the 
generator to produce electricity. 

T he teacher explains the use of tidal energy: 

When threre is high tide in sea$ water carried 
by waves rushes to high reaches of he shore. At the 
confluence where big rivers meet the sea^the sea water 
rushes to long distances into the river. Even if there 
Is not-much water upstreams the region of river near 
the sea overflows and the water recedes alternately. 
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If the receding water can be stopped by building a 
Dyke, a huge dam canbe built at low cost. bu. c h dams 
utilising tidal energy can also be used to generate 
electricity• 

18. Can tidal energy be harnessed everywhere ? 

Anss- No. It can be harnessed only where big rivers 
meet the sea. 

19. In India where are such places? 

Anss- In Calcutta near Hoogly ad in Gujarat near 
Kambay and Kuch* 

20. What geographical advantage India has for harness¬ 
ing tidal energy ? 

Anss- It has a long coast line with big rivers 

meeting Bay of Bengal the Arabian sea, 

21. How does the energy obtained from wind and tide 
help the s ociety a nd the nation? 

A n ss- It reduces our dependence on costly and 
non-renewable source of fossil fuel and 
solves the energy crisis to sortie extent. 

Assignment for P upils 

Pupils may be asked to go to the nearest wind mi 
in small groups and note briefly tbs cons truetion .and 
function of a wind mill. 

Re lated Higher K nowledqa 

The teacher should try to find out more about 
the national .efforts made towards harnessing wind 
and tidal energy. 

\ 

C onclusio n 

, We hope the aforesaid dealing of thetopic on 
other sources of energy will create a sense of appre¬ 
ciation among pupils about science and the efforts of 
scientists in averting the energy crisis.. They will al sl 
be sensitised towards avidence of wasteful use of enerefi 
in day to-day lifer ^ 




EXEMPLAR NO. 4 


Name of the Topics- Refraction of LIGHT 
Level " C]b as — IX 

Drafted by s- Group Coordinators: Sri Achyutanand 

Nayak. 

Group memberss Smt.Rabipriya Devi, 
Sri Hrudanand Mishra, 

S r i Minaketan Swain and 
Smt. Snehaprabha Panda. 

introduction 

Refrac tion of light is a phenomenon which can 
be inferred from many day to-da'y illustrations like 
apparent bending of any straight object under water 
apparent rise of the bottom of any container containing 
water, rainbow in the cloudy sky and colourful sight 
of he fountain of water in sunlight producing the 
artificial rainbow. The teaching of these concepts can 
illustrate the application of logical and inquiry 
approach, skill of giving examples and organising 
demonstration and activities. In what follows we are 
making an attempt at this task. 

Concepts 

i) Bending of light beam at the interface between 
two homogeneous media is called refraction. 

ii) The incident ray the normal to the interface 
at the point of incidence and the refracted 
ray lie inone plane. 

iii) The sines of the angles of incidence and 

refraction bear a fixed ratio characteristic 
of the pair of media. 

iv) Velocity of light is different in different 

media and also different for different colours 

v) The angle of incidence in tip denser medium 
for which the angle of refraction in the r 
medium is 9 0 degrees is called the critics 
angle for the pair of media. 
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vi) When the angle of incidence in the denser f 
medium exceeds tne critical angle the ray is I 
totally reflected in the denser medium. 1 

vii) Spreading of -White light into a spectrum of 
colours on refraction is called dispersion. 

Previ ous Knowle dge/A Iter na tive Concepts 

Pupils know the rectilinear propagation of light 
in a homogeneous madium and the laws of roflection. 

The pupils may think that the prism adds colours to 
white light instead of splitting the colour already 
present in white light. 

P res ent ation 

The teacVer will pose a problem to the pupils 
as follows. Hewill partly immerse any straight object 
like a pencil partly in water in an inclined manner and 
ask the pupils to observe the apparent bend in the 
object at the surface of water. Then he woi Id provoke 
the pupils to think about the, explanation. The teacher 
will nou take a beaker and allow a narrow pencil of 
strong torch light in an inclined manner inside an 
empty beaker and mark the point whore the beam falls 
inside the beakor with a mark which does not get 
dissolved in water. Without changing the position of 
light relative to the beaker he would ask another pupil 
to fill the beaker with water and the pupils would see 
for themselves that now the light falls at a different 
point inside che beaker. Thus demonstrating the bending 
of light at the surface of water directly. 

Teacher will now lead the students to investigat 
the similar phenomena in-solid transparent substance 
like glass slab. Depending on the availability of 
materials he can demonstrate or organise group acti¬ 
vities regarding the Pin-0oard experiment. He will 
axplgin to the pupils that rhe incident and emergent 
r©ys are defined by the pins fixed on the board but 
i-ho refracted ray is inferred. From this experiment 
it can be inferred that (sin i/sin r) is always a 
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constant for all possible angles of incidence.' Pupilg 
rill also learn from this experiment that light bends 
to wards the normal when i't passes from rarer medium 
like glass and away from the normal > when light passes 
from denser to the rarer .medium. 

At this stage the teacher will explain to the 
pupils that the phenomenon of refraction occurs because 
light has different velocities in different media. 

This is so because light is nothing but an electromag¬ 
netic wave and every material medium is electrical in 
nature. He will also inform the pupils that the 
velocity also depends on' the wavelength hence on the 
colour of light. This is the reason why white light of 
sun gets split into colours by a prism-or tne raindrops 
causing the occurrence of rainbow. 

Next the teacher wcu Id make the pupils imagine a 
a ray of light going from the denser medium to a rarer 
medium and ask him the relationship between the angle 
of incidence, i and angle of refraction, r for any 
non-zero angle. They would easily agree that r > i 
by drawing a suitable ray diagram. Now they wculd be 
asked to predict what would happen as the angle of 
incidence is gradually increased. They vraa Id conclude 
that at some angle of incidence the angle of refraction 
would become 9 0 degrees the highest possible angle if 
the light has to enter the rarer medium. This particular 
limiting angle of incidence for which the angle of 
refraction in the rarer medium is 9 0 degrees will be 
defined as critical angle for the pair of media by 
the teacher. Now the teacher will state and the pupils 
would al s o see that for a larger angle of incidence 
the refracted ray will not be possible and the ray 
will b e totally reflected. Pupils will be given the 
home task of explaining the phenomenon of mirage as 
illustration of total internal reflection# 

Assign ments for Pupils 

Draw the diagrams for cold and hot mirage 
and .explain their difference. 
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2. I.t is said that we see the rising sun a little 
earlier than when it physically >rises above 

' the horizon. Explaih. What phenomenon is 
expected regarding the setting sum 

3. Why do the air bubbles inside a paper weight 
shine so much ? 

Related Higher Knowledge 

The teacher’may try to understand the explanation 
of the phenomenon of refraction on the basis of Wave 
theory of light and try to think of the teaching aids 
or anologies by which this can be explained to the 
pupils. 

Conclusion 

In this unit we have hi lighted the use of inquiry 
and logical approach to promote logical .thinking in 
children. Some interesting experiments are also 
discussed so that the pupils develop the curiosity 
to experiment in real life. 


* ** **■ 



EXEMPLAR NO.5 


Name of the Topic 2- Chemical Bonding 


Level 


Class - XX 


Drafted by s Group Coordinators; Sri Achyutanand 

Nayak 

Group memberss Smt. Rabipriya Devi, 

Sri Hrudanand Mishra, 
Sri Minaketan Swain,& 
Smt. Snehaprabha Panda. 


Introduction 

About 112 elements and a large number of 
naturally occurring and artificially synthesised 
compounds are available around us and we use them in 
our daily life for various purposes. Each of these 
have a chemical formula, structure- and properties of 
its own. We are well aware of the properties but their 
correlation with their respective structures can be 
better understood if w e learn about the types of 
bonding between the elements constituting the molecule 
of the substance. In order to teach this topic mostly 
the logical and inquiry approaches and the skills 
of explaining, organising activities and giving 
examples can be illustrated. 

Concepts 

i) Atoms have a tendency to have 8 electrons in 
their outermost shell ( octet rule ) . 

ii) Atoms not having stable octet can achieve 

this either by donating or accepting electrons. 

iii) Atoms on donating electron become positi 

charged and is called +ve ion and the atom 
on accepting electron become negatively 
charged and is called as -ive ion. These 
oppositely charged ions attract each 
and form-ioninc compounds. 

iv) Covalent bonds occur when atoms share 
electrons. 
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v) Compounds with ionic bonds and those with 
covalent bonds have different properties, 

vi) Distance between nuclei of the two approachii 
atoms where the forces of attraction and 
repulsion are balanced determine the length 
of the chemical bond, 

vii) Lowering of potential energy that results 
due to simultaneous attraction of electrons 
by the nuclei of combining atoms leads to 
bond formation. 


BESglaifi- k new AasZ41i^.rna,tl'V.e..., FjC- ariework 

It is assumed that pupils know fundamentals of 
atomic structure, names of the various elements and 
compounds, electronic configuration of various elements, 
and that noble gases are stable and nonreactive. P u pils 
may have a misconcepf that atoms of any t wo elements 
can combine to form a compound. 

Presentation 


The teacher will explain the cause of the 
inertness of noble gases as follows. He would invite 
the pupils to suggest names of some common elements 
and write these on the board. Then he would ask them 
to find out the electronic configuration of each of ttei! 
and write this on the board as wellee in the notebooks 
of the pupils. Now he will encourage them to f ind out 
similarity of the configurations of inert gases 
and make pupils note the difference with other elements 
Jith some discussions and a few mistakes her® and there 

pupil Wl ;u be able to generalise that octet rule is 
app icable to all the inert gases and they may hypo- 

. SS1Se th3t ° Ctet nation is the cause of their 
inertness, 

Next the teacher will -.v , , . , 

4 _ Kq , ^ ^ the pupils to state 

2 1 ITT* of A so<llum and - chlorine 

“tet o T thl "* h * these at ° ms «■» active the 
oleetrons in their outermost-shell. He wiU 



(79) 


iphasize at this point that sodium atom and chlorine 
.orn are both very reactive and therefore do not 
:ay in free state whereas the Na ion and cl ion remain 
cable in solution of sodium chloride and also conduct 
lectricity. He will also explain that in sodium chloride 
hese ions of sodium and chlorine are held together 
tue to the electrostatic force of attraction between ' 
tem. 

% 

Similarly for teaching Covalent bond example 
of water molecule can be taken. To clarify-the concept 
of length of the chemical bond the teacher will recall 
the knowledge of the pupils regarding structure of 
atom. Giving the example of hydrogen atom he will 
explain that it contains a positively charged nucleus 
and an electron. When two hydrogen atoms approach 
each other' there are attrac itive forces acting between 
electrons a nd protons and repulsive forces acting 
between the two protons and the two electrons. Pupils 
may b e encouraged to calculate these forces and to c”** 
comment qualitatively as to how they increase or 
decrease. H e may draw a diagram on the board and 
state that bond length is that distance for which 
these opposing forces balance. 

To familiarise the pupils with the properties 
°f ionic and covalent compounds some demonstration 
experiment or activities can be arranged on followings 

i) solubility of different compounds in water* 
benzene* ether and kerosene; 

ii) conduction of electricity? 

iii) effect of electrolysis? 

iv) melting point 

^fter doing the experiments themselves or observing 
the demonstration experiments pupils will be encouraged 
to draw their own conclusions. 
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Asiqnmen* -_s for Pupils 

1. Name 5 ionic and 5 covalent compounds. 

2. Illustrate' by drawing the octets the bond formatioij 
between two oxygen and two nitrogen atoms. 

3. Explain the nature of chemical bonding in the 
chemicals bearing molecular formulaes MgCl 2# HCN, 

c 6 H 6 and H 2 °2 * 

4. Give the reasoning in one sentence fors 

i) carbon tetrachloride has low melting point 

ii) sodium chloride has high melting point 

iii) OH is very reactive but not H 2 0 

iv) Na is very active but not NaCl 

v) Na 2 and He 2 molecules are not found 

5. Which of the following will be most reactive ? 

CH 3 , CP 3 , CHF 3 and CH 2 F 2 

Related Higher Knowledge 

The teacher should try to acquire more knowledge 
and understanding about the lowering of energy during 
bond formation and think of anologies to convey the 
same to the pupils in an elementary way. 

* 

Conclusion 


Here we have tried to illustrate how by proper 
questioning relevant data can be extracted from the 
pupils and the same can be utilised to further the 
learning process leading the pupils logically to the 
desired conclusions. Experiments have been just listed 
and the details are not given as the names of the 
experiments are suggestive enough. The teacher who 
will try these experiments in the classroom will be 
in a better position to react on the feasibility 
and the difficulties encountered. 


***** ■ 



EXEMPLAR MO. 6 


me of the Topic 
jvel 

rafted, by 


Structure of Atom 
Glass - IX 

Group Coordinators; Sri Achyutanand 

Kayak 

Group members: Smt. Rabipriya Devi, 
Sri Hrudanand Mishra, 
Sri Minaketan Swain & 
Smt. Snehaprabha panda, 


introduction 

j 

■ / 

The science of Chemistry deals with the world 
of matter. Different matter behaves differently. It is 
due to their different atomic structure. As a scienti¬ 
fically literate person every one should have an 
elementary idea of the theory of atomic structure. 

This is the reason why this topic is included in the 
secondary school curriculum. All agree that the teaching 
of atomic structure is difficult at secondary level 
because of the abstract nature of the subject and 
also because it is difficult to use, any teaching aid. 

In what follows v;e are listing some simple experiments 
which can be done by the pupils using low-cost/no cost 
materials and some- others whose only description 
be given to the pupils. Mostly the logical and inquiry 
approaches and the skills of explaining and givi g 
examples are used. * ■ ' , 


i) Matter is electrical in nature, 
ii) Atom consists of electrons# protons ^ 

’ neutrons. • 0+ . n m 

ill) All the positive charge and mass o 

is concentrated in a relatively 100,00 _ 

' ' times smaller extent of space Mown as 
nucleus. . j ' 

,i • 1 ' 

is Knowledae/A it«=irnatj.ye_F£gHlg£SS3£ 

■ - j. ha different properties 

The pupils ape aware of the f correot and 
utter which they use and may kngw s ,, , g “ 

.incorrect explanations based on the a 



n s i lo ■ ■_ j 


,i. j j . • u- 


ib<jj 

. . i 


. L oj fn 


1 ; 


f O L 


ea 


1 J =3\»ifdi ■Y/'to.-tJ‘ri\oplhjijU;'ri>l -W/ trt 

-oi£ atomic structive* ^Tftey rHay"think 

bn*.**rA<?b pnjoe won>r vrj.jJjn,'*,x*-:ur *.£h 4.rfteiiftti**«hi,JfiL' 



electrons 

; s^rtteWfterfe 'elsSi'' They- might^a^so think. that frictional 
/electricity- i r s-. procluced > .only .in the, case of glass and 
s - ^.joau^kini.and; jplpth^ 

- " ‘ ‘ -, - V.- * •* ' f - 

Presentation 

^CnopnpO 

We can ask our pupils to collect pifeceslbfujf't 
plastic-,, us,eb’ I pe§sV-^rpjfc'bA $&1ieaptat&qtai& &uch 
■- rso']ii5"mater-raifa..* B c^ J 8f [ ttifo' pod ld‘-b£ metal (pieces^ 
„.tgrsi ,vtell ,-and soiqe cloth-like waste- material may 'be of 
mo cotton,. 4 nyi867 Silk 0 and f ‘pies ticcandlfeits j of (very light 
paper or, ,thread j Or wood-strbwi' They- may be asked to 
rub any two ■ tplrigs together - and 1 bring these things 
naftor rubbing near small bits of paper 1 and note down 
their, observations in a tabular form. This can be 

-/TVv n\ 1 j , i * ’ , t \ „ f( > r 

conducted as".'group activity by a groups-of thCee-Pr- 
Vfbut pupils'- and-'their 'observations ,sh ; cu Id be; compiled 
'■‘"'by "th'e-'^eacter"Adding' his own explanations* and Afijfpr- 
rcratlbK "thb teacher : should -theh help the .pupils- generate 
.Use, that all matter is electrical in nature and that 
a very light particle called electron is the constituer 
,of ,,all matter. Seme experiments with balloons and by 
rubbing of. dry mustard seeds on a plastic plate on a 
dry day should be demonstrated to show- the repulsion 
between like charges. ... r -j 


For‘giving oth4r concepts,.of -atomic [Structure w 
can’just'describe-'the experiments ;,done by scientists 
in the laboratory and help the pupils -;to develop the 
concepts in a fruitfuliiand,'correct ^manner• experi¬ 

ments that we should discuss are; ,1); electric discharg 
in a glass tube containing .any gas at low pressure- 
describing how cathode rays which are nothihg but 
electrons and positive rays which were nothing but the 
ions or protons, the nuclei : bf 'hydrogen- atom if _t-he 
gas chosen[ is ; hydrogen.. T-ha ,teapher, should allow th® 
pupils to question these .experiments and try.to satis! 


\ f \ 
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( their queries in a logically convincing manners 
(t) Rutherford scattering experiment of alpha particles 
which are nothing but helium nuclei from gold foil, 
the teacher should explain by making use of anologies 
how this necessitates the postulate that the mass 
1 and charge of the atom must be concentrated in the 
nucleus; and (iii) Chadwicks experiment on the dis¬ 
covery c£ neutron . 

Assignment for the Pupil s 

1) In the activity conducted by you on frictional 
electricity you must have found attraction of the bits 
of paper or no action. What should you do to see 
repulsion in the same experiment ? 

2) Sometimes our dry hair when combed stand 
erect. Is it due to attraction or repulsion? Explain 
this occurence using the term 'electrons’. 

3) What can you Say about the shape of ( the 
simplest) hydrogen atom as the scientists tell us ? 

i) like a dumbell 

ii) like a ring 

iii) like a plate 

iv) like a ball 

Related Higher Knowledge 

The teacher should try to understand more about 
the modern concept of atom and think of analogies and 
examples to convey these ideas to the pupils in a 
simple manner. 

Coneluaion 

Whiie writing this exemplar wo have kept 
tw o things i n mind. Firstly we have not given the 
details of those things which can be easily found in 
books at intermediate level; and secondly this topic 
was also discussed by the resource faculty and so 
m have tried to avoid repetition. The feedback of 
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the teachers who weald try out some of the ideas givsi 
here will be very useful, finally we would algo like 
to say that this particular unit truly signifies the 
tentative nature cf science hence all attempts of 
giving prto-type answers to the queries of pupils 
should be avoided and instead the pupils should be 
encouraged to read for themselves and discuss among 
themselves the ideas postulated in the theory of 
atomic structure* 



EXEMPLAR NO. 7 


s of the Topic 

I Level 

Drafted by 




i - Force and Acceleration 
s — class XX 

s- Group Coordinators Dr.J-P.Sharma 
Group memberss s r i Arun Kumar, 

Sri Kaushal I<ishore 

Sharma,and 

Sri Arun Kumar Singh 


In our everyday life we see things like trains, 
buses other vehicles, animals and birds starting to 
move, move and then, again stop. So we see that the 
speed- of things either decreases or increases. These 
phenomena are called as decelerations and accelerations 
in scienee. Why do things decelerate or accelerate? 

The external agency which does this to a body is called 
the force acting on a body. In what follows we state 
the various concepts related to force and accelerati n 
relevant to science at secondary level, explain the 
details involv ed and discuss how these concepts can be 
put across to the pupils. Mostly w e are describing the 
demonstrations which a teacher can give in the class 
and state the questions he would ask to use in t 
the experiences of the pupils. 


i) Force and its relation to motion 

ii) Balance a nd unbalanced forces 

iii) Momentum 

iv) Relation between Force and acceleration. 

£r syiou.« Frara s M ccfc 

In earlier classes pupi is have studie^^ 
concepts of distance# displacement, unifor^^^ the 
uonuniform velocity. They would have also 
kinematic’problems on unif©rm acceleration learnt 

have some idea about force as push or pu 
a t primary level and their own ideas about fo 
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unknowingly developed because <* thelr ^olvsmeut 
in day to day activities where laymen use the term 
force with a varied sense exemplified by the usage , 
like ‘I do not have much force left with me now' . 

These form some of the mlsconcepts also called alter¬ 
native framework which every pupil brings with him in 
the class. As a science teacher we should try to find 
these out and with the help of demonstration, acti¬ 
vities and questioning try to remove them. Some such 
common misconcepts are* 

i) Force is associated with the body throughout 
its motion. 

ii) a single force can change the shape of the 
body. 

iii) Force acts in the direction of th e velocity 
of the body. 

iv) There is no force acting on the body when 
the velocity of the body is zero. 

Presentation 

1. Torce and its relation with motions - 

The teacher will place any object on the table 
and leave it for a couple of minutes and then ask the 
pupils questions regarding its state of motion. The 
pupils will respond' that the object remains whe r e it 
was kept; it has no motion; its speed is zero and its 
acceleration is also zero. The teacher will define 
this has a state of rest. Next he will push the 
object for a moment with his left hand and again as:k: 
the pupils questions about the state of motion of the 
object. They will answer that the object gained some 
speed, the teacher will state the first characterise 
of the f orce that force, in this case the push of the 
hand, changes the speed of the object. 

Teacher will hang a ripe banana with a string 
and ask a few pupils one by one tp change its shape 
using only one finger. All pupils will realise that 
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■ t j_ s no t possible to do £. o. Next he would ask them 
to change its shape using thumb and the finger. 

P U pils will see that now they can change the shape of 
the banana. The teacher will state that it requires 
more than one force push or pull to change the shape 
of a body a nd introduce the idea that forces can also 
change the shape of a non rigid body. 

Teacher will ask one of the pupils to roll a 
ball towards him. A s the ball is rolling towards him 
he will first put hfs hand inclined to the motion of the 
ball and ask the pupils following questionss 

1, when the ball hit the hand did it come to rest ? 

Ans*- No 

2. If it was moving as describe any change in its motion. 

Anss- It changed its direction. 

Next he would keep his hand normal to the moving ball 
and the ball would stop. Again by similar questioning 
pupils would realise and the teacher will state that 
force changes the direction of motion of the body or 
reduces its sp.eed and brings it to rest. 

Mow through further questioning the pupils will 
be helped to draw the' conclusiohs regarding the effe 
of force on t he motion of a body. It should be ensure 
that the misconcepts of as far as possible all pupils 
regarding the concept of force are erased-and the <^or 
concepts formed. For this a wid® variety of questioning 
to as many students as possible is necessary. Some 
models of such questions have been discussed by the 
resource faculty. Hence these are not mentioned 
to avoid repetition. It would suffice to saY tha ^ 
the small demonstrations given earlier the pupils 
be able to state that force is needed only to change 
the velocity and no force is needed to maintain constan 
velocity of a body. An example can be given from 
daily life that while riding a bicycle we first stat 
pedalling (apply force) to get it in motion. After 
gets notion and we feel ourselves to be tired we s p 



pedalling (do not apply force), but the bicycle does 
not stop* It remains in the state of motion for sometinJ 
But when' we feel that it is losing speed (due to the 
frictional force between ,its tyres and the road we ? 
again start pedalling (apply force) ■ Another misconcept 
regarding whether a single force can change the shape 
of a bodyshould be removed by the example of the ripe 
banana given earlier. 


2. Balanced and unbalanced forcess- 

Teacher will take a wooden block tied with two 
strings to the opposite faces and explain by demon¬ 
strating that if the block is pulled by one string it j 
moves in one direction and when it is pulled by another- 
string it moves in-the opposite direction. But if it is : 
pulled simultaneously by both the strings with equal 
effort the block does not move at all. So with some more 
widely distributed questioning pupils can conclude 
that two equal and oposite ^forces acting on the same 

body f jrm a pair of balance^ forces and under their 

A ' 

effect body does not change its state of motion. But 

p 

when these forces are opposite but unequal the left out 
unbalanced portion of one of the forces changes the 
velocity of the body. 


3. Momentum?- 


By giving example from every day life the teachei 
will convince the pupils that the amount of motion in a 
body not only depends on the velocity of the body but 
also on its mass. A bicycle hitting an object produces 
much less motion in it than a loaded truck hitting the 
same object with equal speed. The teacher would then 
define momentum as a product of mass and Velocity* 

> > 

4. Relation between Force and Accelerations - 

The teacher will state that according to the 
Newton's second law of motion we can define the force 
quantitatively and relate it with acceleration produced 
in the body as under* The teacher will explain by 
writing on the board as followss 
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Force* (mv - mu)/ t (rate of change of momentum) 

or P *= k.m.( v—u) /1) * where k is proportionality 
constant which defines the unit of force, 
or F = m.a where a is acceleration and the unit 
of force is so chosen that k = 1. 

He will define unit f orce as that which produces unit 
acceleration in unit mass and state that force is a 
vector quantity because acceleration is a vector quantity. 

Assignment for Pupils 

Pupils can be given following assignments* 


1* A rectangular block of mass M is resting on 
the floor. Name a nd raw the forces acting on the block 
and the floor. Which of them form the pair of balanced 
forces. 

2. The following is the distance time table 
of an object moving in a straight line; 


Time in seconds D istance in metres 


0 

1 

2 

3 

4 

5 

6 
7 


0 

1 

8 

27 

64 

125 

216 

343 


What conclusions can you draw regarding the accelera¬ 
tion of the object? is it constant increasing decrea¬ 
sing or zero? If the mass of the object is l kg what 
is the force acting on the object after 4 seconds 7 


Rela ted Higher Knowledge 

The teacher should try to think why the mis 
concepts regarding the concept of force occur and 
try to devise newer techniques to avoid them as 
discussed by the resource faculty. 
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conclusion 

Force is a concept included in the curriculum 
from grade 3 to master's degree* Therefore# it is very 
important to predecide the scope and sequence of the 
various aspects to be covered at secondary level. 
Special care has to be taken to erase the rnisconcepts 
already formed and prevent the formation of further 
rnisconcepts. Lot of feedback from teachers teaching 
this topic is essential f or further improvement of 
teaching in the classroom. Needless to say that the 
teachers should also discuss among themselves 
regarding the method as well as the content of this 
important topic. 

t 

• • • « 



EXEMPLAR NO*8 


Same of the Topics- Gravitation 

kevel s— Class — XX 

Drafted by s- Group Coordinators Dr.J.P.Sharma 

Group memberss Sri Arun Kumar, 

Sri Kaushal Kishore 
Sharma,& 
s r i Arun Kumar Singh 

Introduction 

The force of gravitation is all pervading in 
the universe since its existence. This is the force 
which holds the universe and makes the galaxies go 
round each other, stars of the galaxy to be contained 
in the galaxy and the star like sun hold on their 
planetary system to itself. The idea that the force 
which is responsible for all this was a force acting 
between all objects possesing mass first occured to 
Sir Issac Newton and hence it is called Newton's 
Universal law of gravitati on* The teaching of this 
topic is very interesting a nd illustrates the use 
of logical and historical approaches and involves 
the skills of explaining, questioning and giving - 
examples. 

Concepts 

i) Universal Law of Gravitation 

ii) Gravitational Constant 

iii) Force of gravitation between different bodies 

iv) Weightlessness of a body. 

v k 

Bcegjfl us Knowipdae/Alterna^i yp rrt mework 

Pupils are expected to know the relationship 
between force and acceleration and Newton s third law 
of motion. They may have a misconcept that mass and 
weight are the same*things and that force and acce¬ 
leration are independent- of each other. 
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Pr esentation 


Take any object in your hand and leave it and 
ask the pupils to observe carefully and answer the 
following questionss 

1. What did you see? 

Anss- The object is falling or in motion. 

2. What was the velocity of the object when 
it was inhand and at the instant it was 
dropped? 

Anss- It was zero. 

3. Was the velocity ,of the stone increasing or 
'decreasing while.it was reaching to the 

ground? 

Anss- It was increasing. 

4. Was the motion of the stone accelerated then 1 
Anss- Yes. 

5. C a n we conclude from this that there should 
be some force acting onthe object? 

Anss - Yes» 

6. By which law you say yes? 

Anss- Newton's second law of motion. 

7. What is the direction of force acting onthe 
obj ect? 

Ans s- Downwards. 

The teacher will then emphasise that whenever 
there is acceleration or the object some force has tote 
responsible for it. This fact was known to every bcdy 
when Newton gave the law of gravitation. But Newton 
postulated correctly that the force due to earth which > 
produces acceleration in moon is also the same force 
which attracts objects over the surface of 'earth towards 
it. It is said that an apple fell on Newton's head and 
he got the idea. We do not know of the truth of this 
story although Newton had an orchard in his house. 

What we know from the records is that Newton compared 
the observed acceleration of moon with that of an y 



object (may be apple as well ) and found that this 
ratio is the reciprocal of the ratio" of the squares 
of the observed distance of the moon and the experi¬ 
mentally estimated radius of the earth. This curious 
fact most probably made him ennunciete the universal 
law of gravitation as unders 

11 Any two point particles or spherical objects 
of masses M and m situated at a distance c£ r any where 
in the universe/ attract each other with a force which 
is directly proportional to the product/ 'M.m' of the 
masses and inversely proportional to the square/ 'r* 
of the distance between them, "Mathematically it is 
stated ass 

2 o 

F <7t' ( M »m) / r or P = Gi (M,n\/r') / Where G is called 
the universal gravitational constant and is independent 
of M. m and r. 

While stating this law and getting it recalled 
by the pupils the rigour, regarding the terms ‘point 
particle 1 or ‘spherical objects' should be emphasised. 
It can be stated that only in these cases the distance 
between the objects can be easily and uniquely defined. 
Also pupils usually understand any increasing relation¬ 
ship between two variables as 'directly proportional' 
and any decreasing relationship as 'inversely propor¬ 
tional* . This misconcept should be identified and 
replaced by the correctly worded statement such as F 
is directly proportional to M.m means that if M.m is 
increased then F increases by the same proportion and 
s ° on. Another thing which needs our attention as 
teacher/ is the fact that the gravitational force 
between any two commonly encountered objects on the 
eQrth is not large enough to be perceived. In this 
connection Cavendish's experiment given in the text 
books should be described or the pupils be given a 
proper home task regarding this. A s a follow'up of 
this and other numerical problems the teacher can 
then state the value of G as 1.068 x 10” 7 n. kg'. 7 " 
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We should use Newton's third law of motion to 

convince the pupils that when earth pulls any object 

towards itself at the same time the object is also 

pulling the earth with equal force. Pupils can 

calculate the acceleration produced in earth due to 

this force and see for themselves how small it is 
“24 -2 

( 1.65 x 10 gms ) . The another concept which 
baffles pupils with regatd to gravitation is the 
concept of weightlessness experienced in the satellit-.. 
In this regard following explanation can be givens 

"Weight is normally defined as the force 
exerted by the earth on the object it is better define 
as the action of the object against the floor. Let 
F be the weight of the man of mass M, standing on 

W IV / 

the floor. Because tne object is at rest (that is 
acceleration is zero) the net force acting.cn the objc 
must be zero. Let F be the force acting on the object 
due to t he earth. According to Newton's third law 
the force exerted by the floor on the man is - F w . 
Hence/ 

p k 0 = p - P that is P = p = M.g 
e w e w 

This expression for P r matches with the normal 
definition of weight* Now assume that the floor is 
going down with an acceleration 1 a' . In this situate 
we have. 


F = M. a = F - P = M.g - p or P = M.(g-a) 
e w w w 

As a result the reaction due to floor, f-l-^or- icduucs ■ 
and if one is standing on such a floor one feels U{M 
When g = a the reaction of the floor becomes zero wii 
the weight of the object experienced in the freely 
falling lift becomes zero. If you are in such a 
and drop sum object it will be just floating in front 
of you because both you and the object are falling 
towards the earth at the same rate with same accelo - 
ration. This is what happens in the satellite. 

The pupils can be given home task to explain this* 
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=«um,,rents for the Pupils 

i 1) Assuming orbit of the moon as circular and 
its time period as 28 days calculate it centripetal 
acceleration. You will have to-take the distance of,the 
moon from the textbook. Compare this acceleration with 
that found on earth. Interpret your result. 

2) Criticize the statements 'We feel weightless 
in the satellite because we are far away from the earth 

Related Higher Knowledge 

One can interpret the weightlessness using the 
concept of psuedo force. Discuss this with your 
colleagues and help the gifted pupils who may express 
their inclination in understanding it that way. 

Conclusion 

Here we have tried to illustrate how so called 
lecture method can be made interesting with the help 
of questions, clear explanati ons, home tasks and by 
following logical and historical approaches. The 
feedback of the teachers following this strategy 
will be very useful for improving it further. 




EXEMPLAR NO.9 


Name of the Topic s- Oxidation Reduction Reaction 
Level s- Class - X 

Drafted by s- Group Coordinator® D r .J.P.Sharma, 

Group member ss Sri A r un Kumar, 

Sri Kaushai Kishore 
Sharrua and* 

Sri Arun Kumar Singh 


Introduction 


Chemical reactions are taking place all around 
and inside us every moment. Some of them are rusting 
and burning outside us and respiration and digestion 
inside our own biological system. chemical 

reac tion^i-sygoverned by loss or gain of electrons. 
These two processes help us in giving it a name of 
oxidation-reduction reaction. Teaching of this topic 
involves inquiry approach#,and the skills of explaining 
and giving examples and organising simple demonstration 
experiments on the part of the teacher. 


Conc epts 

i) Oxidation and reduction 

ii) Oxidation number 

iii) Interpretation of oxidation-reduction 

reactions in terms of loss or gain of electrons, 

iv) Redox reaction. 

v) Balancing of redox reactions 

Pupils are expected to know the electron configu¬ 
ration of elements and about the valence electrons 
which take part in chemical reactions. They are also 
aware of electron affinity and electronegativity of 
elements. They might be having the misconcept that 
oxidation reaction are addition of oxygen and reduction 
reaction are removal of oxygen. 
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present ation 

The teacher will burn a small piece of Magnesium 
ribbon, ask the pupils to observe and write the chemical 
equation for the same in their notebooks. Teacher will 
also write as follows on the boards 

2 Mg + 0 2 - 2 MgO 

and state that here we see that oxygen is added to 
magnesium to f orm magnesium oxide and liberate some 
energy. Giving another example he will state that when 
zinc is heated with cupric oxide following reaction 
takes places 

CuO + Zn —--—- Cu + ZnO 

He will explain that here oxygen is removed from cupric 
oxide and is added to zinc to form copper ard zinc oxide. 
Giving yet another example he will write the chemical 
equation for t he reaction of hydrochloric acid on zincs 

Zn + 2 HC1 (dil)- ZnCl 2 +'H 2 

As these three equations remain on the board he wcu Id 
ask the pupilss 

1) What is the common thing happening to the 
elements magnesium in thef irst and zinc in the last 
two reactions? With some prompting they will be able to 
state that they all lose electrons to become corresponding 
ions. Here the teacher will introduce the concept of 
oxidation number stating that the oxidation number of the 
element losing an electron increases by one and that of 

an element - gaining an electron decreases by one. 

2) State' other reactions in which the elements 
lose electrons'. Pupils, may state some examples* Tlie 
teacher will ask. further" questions on these s uch as, 
where these electrons are going and which element is 
gaining electrons' and so on. 

3) On his own the teacher may state another popular 
example' of the Cu-Ag voltaic cell and write the chemical 
equations representing tie ’ chemical reactions as. 
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Cu (s) + 2 Ag + (aq) *-2 Ag (s) + Cu^ + (aq) 

pi M 

Or Cu° (s) -Cu (aq) + 2 e , and for Ag 

ya Ag + (aq) + 2 e--- %- Ag° (s) 

and explain the mechanism of an electrochemical cell. 
With some more questioning and giving some more 
examples or by asking pupils to tjive examples the 
teacher can help the pupils to draw the following 
conclusions! 

1) The addition of oxygen to# or removal of 
hydrogen from an element resulting in the loss of 
electron or increase of oxidation number is defined 
as the oxidation of the element and the addition of 
hydrogen to, or removal of oxygen from an, element 
resulting in the gain of electron or decrease of 
oxidation number is defined as the reduction of the 
element. 

2) Oxidation and reduction take place simultane¬ 
ously in a reaction. If one element is oxidised then 
the other element is reduced. Hence these reactions 
are also called as redox reactions- 

3) The substance which accepts electrons during 
chemical reaction is called as an oxidising agent and 
the substance which donates electrons is called as 
reducing agent. 

Assignment for the Pupils 

1) Name the oxidising and reducing agents in the j 
following reactions and also identify the elements ! 
getting oxidised and reduced in each of the reactions* 

i) h 2 s + Cl 2 -- 2 HCl + S 

ii) zn + CuSO .-Znso . + Cu 

4 4 

iii) 2 KI + Br^-2 KBr + I 

2. Give an example of a substance which acts 
both as oxidising and reducing agent. State the 
necessary chemical equation to explain. 
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ri atgd Higher Knowledge 

Teachers should try to discuss with their 
(colleagues the concepts of electrode potential and 
electrochemical series and help the pupils to learn 
more about the prediction and feasibility of precipi¬ 
tation of substances in a chemical reaction as an appli¬ 
cation of redox reactions• 

i 1 1 

i 1 

conclusion - <, 

1 ) 

We have' tried to present here in brief the 
demonstration experiments and the examples and 
questions to be asked to the pupils while teaching 
the topic of redox reactions. The feedback from the 
teachers who use this strategy will be useful in improving 
it or modifying it further. 




EXEMPLAR NO. 10 


Name of the Topics- Ohm's Law Verification 
Level » — Class — X 

Drafted by Group Coordinators D r ,B,B.Panda 

Group memberss D r .(Mrs) Purnima D a s, 
Sri B .Ganapati Achary 
and S r i Surendra P a tn 


Introduction 

This is the age of science and electricity being 
its most useful invention# we are all surrounded by 
electric and electronic gadgets in homes, offices 
factories, hospitals and schools. Ohm's law is operating 
in almost all electric and electronic instruments we can 
think of. We illustrate hfere the use of analogies to 
give electrical concepts and how to use laboratory to 
teach the verification of Ohm's law. 

Concepts 

i) Electric potential 

ii) Electric current 

iii) Ohm's law as relationship between the tv/o for 
a given conductor. 

Previous Knowledge/Alterna t lve Framework 

The pupils are awar e of the concept of potential 
in mechanics and of the fact that water flows downhill. 
They also know that conductor contains free charges 
in the form of electrons. They may have the misconcept 
that the current flowing in a low resistance connected 
in series with a high resistance is lower than that 
flowing through the high resistance. 

Presentation 

Giving the anology of water or by actual demon¬ 
stration of water flow from higher level to lower 
level the teacher will explain that similarly .the 
electrons present in a conductor move when its two 
ends are kept at different potential. He will take a 
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jry cell# a torch bulb and a piece of wire and demon¬ 
strate the flow of current in the form of the lighted 
bulb * He will emphasise that although conventionally 
ks say thfe current flows from positive pole of the 
battery to the negative pole in the outer circuit# the 
electrons being negatively charged move in the opposite 
direction. He will then put two cells in the circuit 
and show tha t the bulb glows more and the pupils will 
themselves say that increasing the potential across 
the conductor increases the current flow. By this 
limple demonstration pupils will be curious to know what 
is the relationship between potential difference across 
and the current flowing through the conductor. He will 
then state the Ohm's Law ass 

Other physical properties like temperature 
remaining constant# the current flowing through a 
conductor is directly proportional to the potential 
difference applied at the ends of a conductor. 

Showing them different gadgets required for the 
verification of this law he will explain their functions. 
For example the battery applies potential difference, 
the voltmeter and ammeter measure the potential difference 
and the current, and the rehostat controls the current 
in the circuit. He will explain to them what precautions 

i 

are to b e taken in connecting them and then he would ask 
them how to connect them in order to verify the Ohm 1 s lav/ . 
He win discuss the desired connections on the board 
first, when he is satisfied that the students understand 
the circuit diagram and the functions of each instrument 
he win take their help to connect the circuit as follows. 

this stage the teacher would ask the pupils as to where 
else the ammeter can be connected so that the result 
and even the reading of'the ammeter is not affected. This 
is essential to impress upon the pupils that the current 
flowing in a series circuit is the same for all positions 
°f the ammeter. 

Then he will call students in batches and ask them 
uo take the readings V and I of voltmeter and ammeter 
respectively for different settings of the rehostat. 
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He would tabulate -these on the' board and also ask the § 

pupils to. note down in their notebooks* The pupils then ] 

calculate the ratio v/l and verify that it is constant 

within experimental errors. The teache r will state 

that this ratio is called the resistance R of a conductor 

He can also encourage them to plot these values on a 

'graph and verify that it is' a straight line. 

* 

At the end he would state that if we do similar 
experiment for a bulb and pass such current till it 
starts, glowing then the ratio of‘V and I will not appear 
to be a constant and also the graph between V and I will 
not be linear. So Ohm's Law does not hold good here 
because the temperature of the filament i-s obviously 
not constant. 

Assignment forthe Pupils 

i) What is the resistance of a conductor which 
carries 1.5 A current^when it is connected to a source 
of three batteries giving altogether a potential 
difference of 7.5 V ? 

ii) what are the currents flowing and the potehtia] 

difference® across the two conductors in the following 

. . _ 4-n- 2,-ru 

circuit ? I-ywww"-WvAV- 

t--|,-1 

Related Higher Knowledge 

The teacher should discuss with his colleagues 
the random velocity and tte drift velocity of electrons 
in a conductor and relate these concepts with the Ohm's 
law a n d think of anologies to explain these concepts 
to the pupils. 

Conclusion 

We have tried to explain how anologies and 
laboratory materials can be used for teaching the 
verification of Ohm's law. The teachers' who use this 
method in the classroom can better state the diffi¬ 
culties experienced. These then can be taken into 
consideration to improve upon our teaching. 


***** 
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name of the Topic s- Magnetic Poles 
level s- Class - X 

Drafted by Group Coordinator; D r . 0 . 3 . Panda 

Group member's; D r . (Mrs)Purnim a D a s, 

Sri B.G a napati Acharya 
and s r i Surendra 
Pattan a yak. 

Introductio n 

The phenomenon of magnetism is being used in all 
appliances in our daily Hfe\ A bar magnet is a simple 
device to produce the magn e tib field* Here we illustrate 
tne use of logical and historical approaches and the 
skills of demonstrati on, organising activities and 
discussion, and questioning for teaching a small topic 
related to the magnetic poles of a bar m a gnet. 

Con cepts 

i 

i) Poles are points in the region near about the 
two ends of a magnet which can be said to have the 
maximum power of attrac-tion. 

ii) The pole pointing towards geographic north is 
called th e north pole N, and that pointing towards 
9eographic south is called the south pole S, 

iii) The line NS joining the two poles is called 
the magnetic axis. 

iv) The di s t a nce between the two poles is called 
the magnetic length or effective length of a magnet, 

v ) The magnetic length is less than the geometric 
length since the poles are not exac tly at the ends. 

vi) Neutral region is the central region of the 
m agnet where the power of attraction is almost zero. 

vii) A magnet retains its polarity even up to 
Molecular stage. 

^^^Qug_j?. nowled ge/Al t^rnative Fra mework 

Pupil s know that magnets attract iron pieces 
Qnd orient in North south direction. They also know 
that though magnets "are made of iron and steel, 

' U*3) 
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all iron or steel b a rs do not behave like magnets. 
Magnets are available in the. market of all sizes and 
shapes. The free ends of a magnet has more attracting 
power than the central region. They may have Lhe 


concept that the magnetic axis of the magnet is the same 
as its symmetry axis. They are also aware of the magneti 
effect of electric current. ! 


present ation < 

The teacher will explain to the pupils that the 
fundamental cause of magnetism being closed electric 
current loops which have north pole on one face and the 
south pole on the other lace north and south pole always 
occur together and dan never be isolated. ^11 experime- : 
ntals to observe magnetic monopoles have up till now 
failed. The connection between magnetism and electricit; 
was not known wh e n this mysterious effect of certain 
objects -attracting ocher light iron objects was - first 
discovered. Scientists and Philosophers at that time 
considered magnetism to have an independent existence. 
So people thought that toey can break a magnet and 
separate its two poles. But when they tried this they 
found that the two pieces' so obtained again are magnets 
having two poles. Today we know that every molecule of 
a magnetic substance is a tiny magnet because of the 
motion of electrons in it. In an ordinary substance 1 
they are so arranged that the total magnetic effect is J 
zero. But in magnets many of these tiny magnets are 
oriented end to end and parallel to each other so as 
to produce magnetic effect only at the end s and no j 
effect in between where opposite poles are together I 


as shown in the diagram below. 
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Ihe teacher will explain that the actual situation may 
not be "so systematic and hence the point of maximum 
attraction may not lie at the centre of the e n d. At 
this stage it should be explained to the pupils that 
the concept Of a pole is abstract a n d it is defined as 
that point where the magnetic effect of the e nd can be 
assumed to be concentrated, to Connect this definition 
with an experiment or in other words to operationalise 
this definition pupils should b e encouraged to draw 
the lines of force of atoar'magnet using the tiny 
compass needle. After su e h a diagram is ready the 
teacher will ask the pupil to make an hypothesis 
about the location of. a single point from which all 
these lines can be assumed to be *oming from or in 
other words the point where all these lines will meet. 
Two such points for the two ends of bar magnet are known 
as its poles. The teacher will then define the effective 
length of the magn e t as the distance between these 
points. Prom the plot, of the lines of force the pupils 
will also conclude that the central region of the 
magnet has less magnetic effect because he will fma 
that these lines are most crowded at the ends an 
very much apart at the centre. 


er _^. n owls^gfl 

The teacher should study the domain theory of 
ferromagnetism and devise means of transmitt 8 

knowledge to the inquisitive pupils. He shou 
study the connection of electricity and magne^ 
more depth and think of devising simple 
illustrate this connection. He should also s a 

. . m of earth and convince pupils that 
origin of magnetism or eartn an 

there is no hidden magnet in earth. 


Assignment for pupiJ Lg 

key near a very tiny ootnpaas a _, all y and explain 
plotting lines of force. 0b ser 
them in terms' of who attracts whom? Is . e 
repulsion? Why not? What will you do to em 
. repulsion? 
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2. Take any stainless steel blade. Even an used 
one will do. Float it on water contained in any gl ass 
or plastic container by gently dropping it on the 
surf gee of still water with any of it® face downward, 
It fleets because of surface tension# When it becomes 
steady disturb it a little by any non magnetic stick, 
Observe carefully what happens. Repeat this ac tivity 
with as many blades as possible* Give your interpretati 
of the experiment if we assume that each blade is a 
very weak magrfet/ what can we say about their respective 
magnetic axes? Can we demonstrate repulsion and attra¬ 
ction both with two blades? Why does the blade not 
orient when suspended freely in air as other magnets 
would? Discuss. 

Con clusio n 


W e have tried to illustrate here how a small 
concept can be taught in a very effective and intere¬ 
sting manner and how different processes of science 
including even discovery ( ref* - activity regarding 
the blade) can be inculcated among the pupils by 
simple activities by a resourceful teacher. Feedback 
of the teachers wh 0 will actually follow this approach 
with their pupils will be most useful and they in turn 
can give some more new ideas for teaching the concepts 
regarding che magnetic poles, 




EXEMPLAR NO. 12 


Name of the Topic 
Level 

L r afted by 


s- Concept of Work 
s- Class - IX 

s- Group Coordinator: Dj-.B.B.Panda 

Group members: D r .(Mrs) Purnima D a s/ 
Sri B.Ganapati Acharya and 
Sri Surendra ^attanayak. 

I ntroduction 

in every day life pupils come across many 
situations wherein objects change their states of 
motion. That is if an object is at rest it may acquire 
motion or may just move from one position to otter 
against some force or s ome force may seem to move it. 

It is said that whatever is happening all around us 
is the interplay of energy. Energy as a concept is 
both fundamental and simple and also can be considered 
as a derived one and more abstrac t. In Mechanics 
this is considered as a derived concept from more 
fundamental content of force. The connecting link 
between these two is the concept of work which plays 
very important part in understanding the interplay 
of energy occuring all around us. The teaching of 
this concept is also more challenging because every day 
meaning of the term work is much different from what 
we define in science or physics. In what follows we are 
illustrating the use of simple activities *to develop 
the correct concept of work in pupils? which will 
also give us an idea as to how to prevent the formation 
of alternative framework in pupils. 

Concep-hs 

i) Work is said to be done only when a force 
produces motion in an object. 

ii> Work is said to be done by (and positive), 
or against (and negative) the force when the point of 
application or the object moves in the direction of ^ 
force or opposite to it respectively. 

' (107) 
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iii) Wo or aero work is said to be d one if the 
point of application or the abject moves at right 
angles to the direction of the. force, 

iv) Amount of work done is directly proportional 
to a) the magnitude of force/ b) the magnitude of the 
component of the displacement in the direction of the 
force. 

v) Unit of work is erg in C.G.S. and Joule in 
M. K. S. and is defined as the work done by a unit 
force in displacing an object through unit distance 

in the "direction of the force. 

vi) Although the physical work done by us on 
an object may be zero the physiological work may not 
be zero. 

Previous Kn ow ledge/Altern a tive Framework 

The pupils know the definitions and units of 
force and displacement and that they are vector 
quantities. Pupils may think that if they are holding 
a bucket full of water for sometime they arc doing work 
on t he bucket. They have an intutive concept of energy 
in the sense that when we are tired we lose energy, 
macnines work at the cost of energy a falling stone 
increases its energy continuously that is why falling 
water can be used to produce electrical energy and so 
on. For this exemplar it is essential to state that 
they do not know the conceptual relation between force 
work and energy. If we analyse the every day talk 
between laymen we can easily conclude that they use 
these terms to mean the same thing f It is this social 
usage which feeds the alternative framework of the 
pupils too. 

Pre sentation 

We are arranging our presentation in the form 
of activities questions and the inference in that order 
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1. The teache r asks a pupil to move the wall a nd asks 
others to observe what happens* N e xfc he asks another 
pupil to move the table. Pupils observe that the 
table moves now and earlier the wall did not, The** 
the teaeher asks following questions* 

i) Did the pupil apply force on the wall? 

Ans:- Yes. 

ii) Did the wall move? Anss- No 

In s uch a situation we say work is not done by the 
force for in this case the pupil, the teacher states. 
Similarly the teacher can conclude from the other 
part of the activity that only when the object moves 
as a result of the force acting on it the work is 
said to be done. 

2. The teacher asks a pupil to lift his/her b a g and 
then ask him/her to lift his/her friends bag too 
along'dth his/her own. Ask him to tell what he finds 
more difficult to the whole class* Following questions 
Can be asked then* 

i) When the pupil lifted his own bag how much 
force was necessary in order to lift it. if mass of 
each b a g is assumed to be M 7 Ans, - Mg. 

11) Did this 'force move the bag? Ans.-yes. 

Similar questions can be asked about the activity 
when the pupil lifts the two bags together. The 
teacher concludes by stating that the amount of 
work done is directly proportional to the magnitude 
of the force. 

3. Recalling the experience of the pupils with mope^s 
used by them Or by their relatives or friends, t a r 
asks the following questions* 

i) If a moped containing 1 l tr * P°trol runs 
out of petrol after covering a distance of 40 kilometres 
what amount of fuel will be required to travel a. 
distance'of'SO kilometers in otherwise similar circum¬ 
stances ? Ans. - 2 ltr. 
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With the help of this example the teacher will state 
that the work done is directly proportional to the 
displacement* It may be not e d' her e that pupils 
intuitively understand that the energy stored in the 
petrol is used to overcome the frictional force in 
this situation* It may b e stated here Without proof 
that if the moped is travelling with constant velocity 
then the work done by the frictional force and the 
force applied by the engine ar e equal hut opposite 
in sigh. 

4. R e cailing the experience of the pupils regarding 

pushing and pulling of many objects like almirah/ 

trunk/ lawn-mower and so on» the pupils can be made to 

realise that it is not always convenient to apply the 
* 

force in the direction of the movement of the object * 
I n su c h a situation/ the teacher will explain that the 
whole of the force is not utilised in the motion of 
the object but only'its component in the direction of 
motion* This is so'because a force can produce change 
of motion" only in its own direction. The other compo¬ 
nent which is normal to the direction of motion gets 
balanced by the suitable reaction force such that the 
net force in the perpendicular direction becomes 
zero hence the work done in that direction has to be 
zero. Now the teacher will write the relation of Work 
to force and displacement as equations* 

W = P. S. Cost) ’= (P.Cos®). S = F. (S .Cos b ) 
ft 

Where iN is the angle between force F and displacement S 
and explain them in words as, the product of force, 
displacement and the cosine of the angle between the 
two; the product of the component of the force in the 
direction of the displacement and the displacement? 
and the product of the force and the component of the 
displacement in the direction of the force respecti¬ 
vely. 

5. By drawing the diagram for uniform circular motion 
the teacher will explain that in the case rhe force 
always acts perpendicular to the small displacement 
at every time hence the cosine of the angle is zero 
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so the work done is zero. In other word because 
force does not produce any change of motion in its own 
direction and so does no work. Finally he will re~ 
emphasise that the work done by a force can be zero 
in three independent ways* i) F can be zero, ii) 5 can 
be zero and iii) F and S can be at right angles. 

6. Lastly to differentiate the difference between the 
physiological and physical work the teacher will ask 
a pupil to hold a brick on his hand for or 2 minutes 
and ask'following questions: 

i) What is the net force ac ting on the brick? 
Anss- Zero. 

ii) Wh a t is the displacement of the brick? 

Anss- Zero. 

iii) Whilst is the work done by the force of 
gravity ac-ting on the brick? Anss- Zero* 

But the pupil will be visibly tired and would feel 
so and state if asked. Pupils know that getting tired 
means loss of energy so work must have been done. 

This internal work done can be termed as physiological 
work done by the stretched muscles which produce the 
equal and opposite reaction to keep the brick steady. 
Whether this work can also be thought of the product 
of some kind of force and distance will be left to 
the imagination of the pupils.. 

Related Higher Knowledge 

The expression for Work in terms of the scalar 
product can be explained to some pupils who show 
interest. The teacher will study the work-energy 
theorem and learn the relationship between work and 
energy and think of the ways and means by which this 
relationship can be explained to the pupils. 

Assignments for Pupils 

i) Calculate the work done by a worker who 
lifts a stone through a distance of 0.2 m while 
applying a force of 2 20 N on rope making an angle of 
45 degrees. 
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ii) Calculate the work done to push a block of 
mass 15 kg up a frictionless inclined plane inclined 
at an angle of 30 degrees, 

iii) Solve problem ii) for the case when the 
coefficient of -friction between the block and the 
plane is 0,2, 

/ ’ 

iv) Assuming the orbit of the earth around the 
sun as circular what is the work done by the gravi¬ 
tational force of sun acting on earth for one comploto 
revolution and for any part of the revolution ? 

v) Calculate the work done by gravitational 
force acting on a stone thrown with a velocity of 
30 m/s at an angle of 45 degrees to the vertical till 
it reaches to the topmost position. 

Conelusinn 

We have tried to describe here some activities 

and questions which can lead to the concept of work and 

its relationship with force. W Q have not given here 

% 

explicitely the relationship of work with energy. 

In the end we would like just to mention that as 
force is result of interaction the very existence of 
force presupposes the existence of some external 
agency. So we say that the force or that corresponding 
agency does the work and it is this agency which 
either loses or gains energy depending on the sign 
of work, W e would very much like that some teachers 
adopt this strategy of teaching the concept of work 
and give us feedback on the merits and demerits of 
the strategy so that v/e c?n further modify it. 
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Annexure-I 


AN APPROACH PAPER 

/ 

DEVELOPMENT OF STRATEGIES OF TEACHING PHYSICAL SCIENCE 
AT SECONDARY LEVEL 

Dr.V.G.Jadhao, 
R.C»E. , Bhuban eswar 

Introduction 

Teaching of Physical Science in our schools 

has seen & lot of revision both in its content and 
fw&U w t h 

method at all,' years. As content to be covered became 
every time bigger and bigger due t o the ever expand¬ 
ing sphere of knowledge the approach of the science 
curriculum at t-he secondary level has travelled a 
long distance from disciplinary approach of seventies 
to the science for all approach of the National 
Policy of Education 1386. This change can clearly be 
seen if we make a study of the science textbooks 
prepared by NCERT or curriculum materials produced 
by the corresponding state agencies. From the textbook 
point of view or in terms of the pupils although the 
disciplines like physics, chemistry and biology have 
been integrated well, the teaching of science is 
compartmentalised into physical science and biological 
sciHce for t he obvious reason that it takes much 
longer time to prepare teachers who can handle both 
physical and biological sciences with equal professional 
expertise especially wh e n they themselves had done 
their own schooling through disciplinary approach* What 
is true f or teachers is also true f or teacher educators 
and trainers. It is in this context we are organising 
this programme for the development of strategies of 
teaching physical science at secondary level. It is 
essential in this context to just take a look at the 
approaches andskills that come to our mind. 

Approaches and Skills 

Before we list the various approaches and skills 
relevent to teaching of science it is 1 better to 
clarify the meaning of th e the termss 'approach 1 . 


(114) 



(115) 


•skill'/ and 'method' because we find these terms used 
to mean more or less the same thing in discussion or 
sometimes in the literature also. Approach is a very 
broad term used to emphasize a general idea in the 
teaching of the wnolecurriculum or a major part of it. 
Method is a term we normally reserve for just one 
lesson delivered, in a classroom. Of course more than 
one methods are sometimes used? in that case however 
we make use of the term like lecture-cum-demonstration. 
Skills arc on the other hand the specific behaviours 
on the part of the teacher used by him for short 
duration of time during a lesson. It is with this dist¬ 
inction in mind we are listing below a tentative 
inventory of approaches and skills. 


APPROACHES 

1. Logical approach 1 

2. Historical approach 2 

3. Environmental approach 3 

4. Laboratory approach 4 

5. -Process approach 5 


6 


SKILLS 

Skill of explaining 

Skill of questioning 

Skill of giving examples 

Skill of stimulus variation 

Skill of generating 
curiosity. 

Skill of creating a 
conceptual or cognitive 
conflict. 


Expecta t ions 


Strategy is a term borrowed from t he military 
terminology where it means a detailed programme of 
action involving different equipments and peopls to 
achieve a certain objective. Strategy also mean3 the 
same thing in an educational context. The objective for 
us is terminal behaviour of pupils showing the acqui- 
sation of knowledge skills and applicati xial abilities. 
Thus strategy in the context of this workshop means 
outlining of a judicious choice of approach, skills, 
content area, noeds of the pupils and ability and 
inclination of the teacher. The ability and the inclina¬ 
tion of the teacher is the most crucial and important 
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component of the strategy because he happens to be 
the sole-imolementer of the strategy. In view of this 
fact we are realising the output of this workshop ass 

1) Recommendations of the general guidelines 
for the teacher to oe arrived at by proposal and dis¬ 
cussions for teaching of physical science taking into 
consideration the difficulties faced by teachers 
while teaching in the classroom? 

2) isxamplars of instructional material to be 
prepared by the participants on a specific content 
area by working in a group where the ideas of each membe| 
will be discussed at length and a consensus shall be 1 
arrived at in the form of an instructional material, | 

Met hodology and Rat io nale a 

for achieving the expectations participants will j 
first identify the difficult content areas and 
describe the type of difficulty whethe r conceptual or 
pedagogical. Regarding the conceptual difficulties . 

we have planned two lectures? one each in physics and 
chemistry every day in the forenoon, As for the 1 

i 

pedagogical difficultly s they may f indsome place in the , 
discussion with during i 

the lecture sessions but we think they are best taken 
care of by discussion by teaching 

As a result of this discussion the group shall develop 
instructional material in an area chosen by and of 
interest m the group. In this way it will become 
possible to incorporate- 5 , the local resources in the 
teaching learning process and involve the teachers 
inthe construction of the pedagogical part of the 
curriculum. The instructional material will be developed 
by participants keeping in mind the approaches and skill 
given earlier. In this exercise the originality of the 
idea, its practicability and the ability of [Us ' 0w ‘f 
and reach a consensus is very cwuv^-cJ- 
of the participants we are giving here a 
list of strategies which can. help them to produce tte 
material and also arrive at- general guidelines for . 
teaching-physical science at-secondary level*. - if 
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1) Listing of real life situations outside and 
inside the classroom related to the topic with a note 
on i-ts use. 

2) Listing of questions which create cognitive 
or conceptual conflict with a note on how to resolve 
the r oonflict. 

3) Listing of exampies/analogies related to 
particular concept. 

4) Designing of simple experiments or group 
activities for t he pupils to facilitate learning of 
the concept. 

5) Designing of application based problems. 

6) Sorting and/or adapting the instructional 
material from PSSC pnysics, CBa, modular approach, 
lectures and exemplars provided by resource persons and 
other resource materials to local needs of the teachers. 

A general format is suggested for development 
of the instructional material as followss 

X. Introductions Should be brief and to the point 

and state,, the imports! ce of the selected content 
area in real life or the importance of selected 
approach or skill for illustration (if you feel 
you can list the specif ice objectives in beha¬ 
vioural terms here). 

II . Presentati on s A detailed sequential note on how 
to teach (A separate note onthe related hitler 
knowledge useful for the teacher can a Iso be 
included in. this section) • 

III. Conclusions Should be brief and highlight the 
special feature of the presented on and state 
its limitation if any. 

IV. References if needed. 

Conclusi on 

The overall objective of this workshop is to 
develop strategies of teaching physical scie nee and 
at the same time initiate the teachers to become dev 
lopers of the pedagogical part of the curriculum for 
better implement ation of the strategies. 
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A DRAFT ON STRATEGICS FOR TEACHING, PHYSICAL SCIENCE 

AT SECONDARY LEVEL 

(Prepared by Mr.Madhusudan Mohahty# D r .P.M.I.A.S.E.# 
Sambalpur and accepted by all participants) 

Science has been accepted as a core subject 
in the school curriculum in all countries of the world.' 
But inspite of the tremendous efforts undertaken at all. 
levels a considerably large proportion of students in 
our country either do not join the school or drop out 
after a few years and thus are deprived. of science 
education. Science has many values for which it has 
received its due place in the school curriculum. Out 
of these values the most important one is the utili¬ 
tarian value. Science is recognised by all on this couni 
The basic knowledge of science has become indispensible 
in all spheres of lifes health# nutrition# sanitation# ' 
medicine# agriculture# industry# environment and many 
othetrs. So whatever science the childria learn in the 
school should not be confined to their scholastic 
achievement in separate disciplines of science but 
it should be useful to him in future life as a citizen I 
of our nation. This fact htis been recognised in the 1 

yeginal meeting on ‘Science for **11’ in Bangkock in > 

S e ptembsr# 1983. It was also endorsed by the Conference 
of Ministers of Education in 1985. The National Policy ’ 
of Education 1986 has gonefurther and suggested that j 
science education be imparted to the cut-of-school 
population of children by including it in Nonformal J 
Education curriculum. I n other wo ds the science \ 

education has to be popularised. W e have tothink of some) 
special and new strategies f or this purpose. Ag a resul^ 
of the discussion held during this programme and after 
having worked on preparation of exemplars using these 
strategies an inventory of the "following strategies 
is recommended? 

1. Identifying the real life situations related to 

the concepts in physical science inside and outside 
the classroom. 


die) 
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2 , Lasting questions which create conceotual/ 

s 

cognitive conflict to generate curiosity and to effect 
better learning^ 

r 

3, Listing of experiments/analogies relating to a 

* < 

particular physical science concept, 

t 

4, Designing of simply, experimenfes/group activities 
for the pupils to facilitate learning, > 

5, Integrating/connecting physical science concepts 

i/ 

with those in other school subjects. 

t 

6, Relating physical science concepts with work 
or employment situation in the society. 

t 

i 

7, Utilising community resources for effective 

teaching and for giving science education a community 

/ 

base. 

* 

i 

8, Utilising improvised low cost/no cost teaching 
aids for effective teaching and-for taking science 
from school to the homes. 


• • • ■ 
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3L0PMENT OF STRATEGIES OF TEACHING PHYSICAL 
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PRO 

---- . 

G R A M ! M E 

2>jU J4_-§ 

ActXYltY 

9.30 

- 11.00AM 

Registration. 

11.00 

- 1.00PM 

Inauguration 

1.00 

- 2.00PM 

Lunch Break 

2.00 

- 2.45PM 

Discugsion on Approach Paper. 
(D r .V.G . Jaclhao) 

2.45 

- 3.00PM 

Tea Break 

3.00 

- 4.00PM 

Alternative Framework. 

(D r . J.IC.Mohapatra) 

4.00 

- 5.00PM 

Teaching of Chemistry. 

(D r .A.N.Gupta) 
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(D r .v .G • Ja<3ha^) 
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Participants, 
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(D r .T.J.Vidyapati) 
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-5.00PM 

Discussion on strategies of 
Teaching. 

(Dj^.V • G, J adh a 0 ) . 
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(D r .S.K.Mohagatra) 
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-11.00AM 

Carbon and its compounds. 

(Dr .firs . J .Mohapatra) 
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7 11,15AM 

Tea -Brea-k 

11.15 

-12.OONoon 

Energy changes in chemical 
Reac tioh. 

(D r .A.N.Gup,ta) 

12.00 

^ , -.A* . 

-12,45PM 

• V , 

Formation of groups and 
allotment of topics. 

^SEtHf\iCi 1 

— •* nfibM 

Lunch Break ' 
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si 
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Tea Break 
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guidelines about the strate 
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Finalisation of the Group 
reports. 
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Te a Break 

11.30-12.30PM 

Finalisation of the 

Group reports. 

12,30- 1.00PM 

Evaluation A 
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